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PEEFACE. 



In the present volume, while describing the various opera- 
tions involved in the manufacture of paper, the Author 
has endeavoured to render the work serviceable as a book 
of reference in respect to the processes and improvements 
which have*from time to time been introduced, and many 
of which have been more or less practically applied either 
at home or abroad. 

The recovery of soda from waste liquors has been fully 
dealt with, and the details of several applied processes 
explained. 

Special attention has also been directed to some of the 
more important methods of producing pulp from wood 
fibre, since it is highly probable that from this inexhaus- . 
tible source the paper-maker will ultimately derive much 
of the cellulose used in his manufacture. Indeed it may 
be deemed equally probable, when the processes for dis- 
integrating wood fibre, so. largely applied in America 
and on the Continent, become better understood in this 
ql country, that their adoption here will become more ex- 

< tensive than has hitherto been the case. 

J 



VI PREFACE. 

To render the work more readily understood alike by 
the practical operator and the student, care has been 
taken to avoid, 9,3 far as possible, the introduction of 
unexplained technicalities ; at the same time it has been 
the writer's aim to furnish the reader with a, variety of 
information which, it is hoped, will prove both useful and 
instructive. 

It is with much pleasure that fhe Author tenders his 
sincere thanks to Mr. Sydney Spalding, of the Horton 
Kirby Mills, South Darenth, for his kind courtesy in 
conducting him through the various departments of the 
mill, and for explaining to him the operations performed 
therein. To Mr. Frank Lloyd he also acknowledges his 
indebtedness for the generous readiness witlj which he 
accompanied him over the Daily Chronicle Mill at Sitting- 
bourne, and for the pains he took to supply information 
as to certain details at the Author's request. His best 
thanks are also due to those manufacturers of paper- 
making machinery who supplied him with many of the 
blocks which illustrate the pages of the book. 

Balham, Sttbhet, January^ 1890. 
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CHAPTER I. 

CELLULOSE. 

GellnloEie. — Action of Acids on Cellulose. — ^Physical Characteristics of 
Cellulose. — Micrographic Examination of Vegetable Fibres. — Deter- 
mination of Cellulose. — Recognition of Vegetable Fibres by the 
Microscope. 

Cellulose. — Vegetable fibre, when deprived of all incrust- 
ing or cementing matters of a resinous or gummy nature, 
presents to us the true fibre, or cellulose, wnich constitutes 
the essential basis of all manufactured paper. Fine linen 
and cotton are almost pure cellulose, from the fact that 
the associated vegetable substances have been removed by 
the treatment the fibres were subjected to in the process 
of their manufacture ; pure white, unsized, and unloaded 
paper may also be considered as pure cellulose from the 
same cause. Viewed as a chemical substance, cellulose is 
white, translucent, and somewhat heavier than water. It 
is tasteless, inodorous, absolutely innutritions, and is in- 
soluble in water, alcohol, and oils. Dilute acids arid 
alkalies, even when hot, scarcely affect it. By prolonged 
boiling in dilute acids, however, cellulose undergoes a 
gradual change, being converted into hydro-cellulose. It 
is also affected by boiling water alone, especially under 
high pressure, if boiled for a lengthened period. Without 
going deeply into the chemical properties of cellulose, 

/^ B 



2 CELLULOSE. 

which would be more interesting to the chemist than to 
the paper manufacturer, a few data respecting the action 
of certain chemical substances upon cellulose will, it is 
hoped, be f oimd useful from a practical point of view, 
especially at the present day, when so many new methods 
of treating vegetable fibres are being introduced. 

Action of Acids on Cellulose. — When concentrated 
sulphuric acid is added very gradually to aboiat half its 
weight of linen rags cut into small shreds, or strips of un- 
sized paper, and contained in a glass vessel, with constant 
stirring, the fibres ffradually swell up and disappear, with- 
out the evolution of any gas, and a tenacious Ttiucilage is 
formed which is entirely soluble in water. If, after a few 
hours, the mixture be diluted with water, the acid neu- 
tralised with chalk, and after filtration, any excess of lime 
thrown down by cautiously adding a solution of oxalic 
acid, the liquid yields, after a second filtration and the 
addition of alcohol in considerable excess, a gummy mass 
which possesses all the characters of dextrin. If instead 
of at once saturating the diluted acid with chalk, we boil 
it for four or five hours, the dextrin is entirely converted 
into grape sugar (glucose), which, by the addition of chalk 
and filtration, as before, and evaporation at a gentle heat 
to the consistence of a syrup, will, after repose for a few 
days, furnish a concrete mass of crystallised sugar. Cotton, 
linen, or unsized paper, thus treated, yield fully their own 
weight of gum and one-sixth of their weight of grape 
sugar. Pure cellulose is readily attacked bv, and soon 
becomes dissolved in, a solution of oxide of copper in 
ammonia (cupr ammonium), and may again be precipitated 
in colourless flakes by the addition of an excess of hydro- 
chloric acid, and afterwards filtering and washing the 
precipitate. Concentrated boiling hydrochloric acid con- 
verts cellulose into a fine powder, without, however, alter- 
ing its composition, while strong nitric acid forms nitro- 
substitution products of various degrees, according to the 
strength of the acid employed. "Chlorine gas passed 
into water in which cellulose is suspended rapidly oxidises 
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and destroys it, and the same effect takes place when 
hypochlorites, such as hypochlorite of calcium, or bleach- 
ing liquors, are gently treated with it. It is not, there- 
fore, the cellulose itself which we want the bleaching 
liquor, to operate upon, but only the colouring matters 
associated with it, and care must be taken to secure that 
the action intended for the extraneous substances alone 
does not extend to the fibre itself. Caustic potash affects 
but slightly cellulose in the form in which we have to do 
it, but in certain less compact conditions these agents 
decompose or destroy it." — Arnot* 

Physical CharacteristicB of CelliQose. — '' The physical 
condition of cellulose,^' says Mr. Amot, " after it has been 
freed from extraneous matters by boiling, bleaching, and 
washing, is of great importance to the manufacturer. 
Some fibres are short, hard, and of polished exterior, 
while others are long, flexible, and barbed, the former, it 
is scarcely necessary to say, yielding but indifferent 
papers, easily broken and torn, while the papers produced 
from the latter class of fibres are possessed of a great 
degree of strength and flexibility. Fibres from straw, 
and from many varieties of wood, ma,y be taken as repre- 
sentatives of the former class, those from hemp and flax 
affording good illustrations of the latter. There are, of 
course, between these extremes aU. degrees and combina- 
tions of the various characteristics indicated. It will be 
readily understood that hard, acicular t fibres do not felt 
well, there being no intertwintug or adhesion of the vari- 
ous particles, and the paper produced is friable. On the 
other hand, long, flexible, elastic fibres, even though com- 
paratively smooth in their exterior, intertwine readily, 
and felt into a strong tough sheet. . . ; . Cotton fibre is 
long and tubular, and has this peculiarity, that when dry 
the tubes collapse and twist on their axes, this property 
greatly assisting the adhesion of the particles in the pro- 
cess of paper-making. In the process of dyeing cotton, 

* Cantor Lectures, Journal of Society of ArtSf vol. zxTi. p. 74. 
t Needle-shaped, slender and sharp-pointed. 



4 CELLULOSE. 

the colouring matter is absorbed into the tubes, and is, as 
will be readily appreciated, difficult of removal therefrom. 
Papers made exclusively of cotton fibre are strong and 
flexible, but have a certain sponginess about them which 
papers made from linen do not possess." 

Linen — the cellulose of the flax-plant — before it reaches 
the hands of the paper-maker has been subjected to cer- 
tain processes of steeping or retting^ and also subsequent 
boilings and bleaehings, by which the extraneous matters 
have been removed, and it therefore reiquires but little 
cheixiical treatment at his hands. " Linen fibre,'* Amot 
further observes, " is like cotton, tubular, but the walls of 
the tubes are somewhat thicker, and are jointed or notched 
like a cane or rush ; the notches assist greatly in the adhe- 
sion of the fibres one to another. This fibre possesses the 
other valuable properties of length, strength, and flexibility, 
and the latter property is increased when the walls of the 
tubes are crushed together under the action of the beating- 
engine.'' From this fibre a very strong, compactly felted 
paper is made ; indeed, no better material than this can be 
had for the production of a first-class paper. Ropes, coarse 
bags, and suchlike are made from hemp, the cellulose or fibre 
of which is not unlike that of flax, only it is of a stronger, 
coarser nature. Manilla * yields the strongest of a-ll fibres. 
Jute, which is the fibre or inside bark of an Indian plant 
{Cor chorus capsularis), yields a strong fibre, but is very, 
difficult to bleach white. Esparto fibre holds an interme- 
diate place between the fibres just described and those of 
wood and straw. . . . The fibre of straw is short, pointed, 
and polished, and cannot of itself make a strong paper. 
The nature of wood fibre depends, as may readily be sup- 
posed, upon the nature of the wood itself. Yellow pine, 
for example, yields a fibre long, soft, and flexible, in fact 
very like cotton ; while oak and many other woods yield 
short circular fibres which, unless perfectly free from 
extraneous matters, possess no flexibility, and in any case 
are not elastic. 

* Manilla hemp. 
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Micrographic Examination of Vegetable Fibres. — The 

importance of the microscope in the examination of the 
various fibres that are employed in paper manufacture will 
be readily evident from the delicate nature of the cellulose 
to be obtained therefrom.* Amongst others M. Girard 
has determined, by this method of examination, the quali- 
ties which fibres ought to possess to suit the requirements 
of the manufacturer. He states that absolute length is 
not of much importance, but that the fibre should be 
slender and elastic, and possess the property of turning 
upon itself with facility. Tenacity is of but secondary 
importance, for when paper is torn the fibres scarcely ever 
break. The principal fibres employed in paper-making 
are divided into the following classes : — 

1. Round, ribbed fibres y as hemp and flax. 

2. Smooth, or feebly-ribbed fibreSy as esparto, jute, phor- 

mium (New Zealand flax), dwarf palm, hop, and 
sugar-cane. 

3. FibrO'Cellular substances, as the pulp obtained from 

the straw of wheat and rye by the action of caustic 
ley. 

4. Flatjibres, as cotton, and those obtained by the action 

of caustic ley upon wood. 

5. Imperfect substances, as the pulp obtained from saw- 

dust. In this class may also .be included the fibre 
of the so-called " mechanical wood pulp.'' 

Determination of Cellulose. For the determination of 
cellulose in wood and other vegetable fibres to be used in 
paper-making Miiller recommends the following pro- 
cesses : t 5 grammes weight of the finely-divided sub- 
stance is boiled four or five times in water, using 100 cubic 
centimetres % each time. The residue is then dried at 
100° C. (212° Fahr.), weighed, and exhausted with a mix- 
ture of equal measures of benzine and strong alcohol, to 

* For ibis purpose, a microscope having a magnifying power of 120 to 
l/)() diameters will be found efficient, 
t " Commercial Organic Analysis." By A. H. Allen, F.C.S., vol. i. p. 316. 
X For Table of French Measures see end of this work. 
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remove fat, wax, resin, &c. The residue is again dried and 
boiled several times in water, to every 100 c.c. of which 
1 c.c. of strong ammonia has jjeen added. This treatment 
removes colouring matter and pectous * substances. The 
residue is further bruised in a mortar if necessary, and is 
then treated in a closed bottle with 250 c.c. of water, and 
20 c.c. of bromine water containing 4 c.c. of bromine to 
the litre.t In the case of the purer bark-fibres, such as 
flax and hemp, the yellow colour of the liquid only slowly 
disappears, but with straw and woods decolorisation occurs 
in a few minutes, and when this takes place more bromine 
water is added, this being repeated until the yellow colour 
remains, and bromine can be detected in the liquid after 
twelve hours. The liquid is then filtered^ and the residue 
washed with water and heated to boiling with a litre of 
water containing 5 c.c. of strong ammonia. The liquid 
and tissue are usually coloured brown by this treatment. 
The undissolved matter is filtered off, washed, and again 
treated with bromine water. When the action seems com- 
plete the residue is again heated with ammoniacal water. 
This second treatment is sufficient with the purer fibres, 
but the operation must be repeated as often as the residue 
imparts a brownish tint to the alkaline liquid. The 
cellulose is thus obtained as a pure white body ; it 
is washed with water, and then with boiling alcohol, 
after which it may be dried at 100^ 0.(212° Fahr.) and 
weighed. 

Recognition of Vegetable Fibres by the Microscope. — 
From Mr. Allen^s admirable and useful work on " Com- 
mercial Organic Analysis " + we make the following ex- 
tracts, but must refer the reader to the work named for 
fuller information upon this important consideration of 
the subject. In examining fibres xmder the microscope, 

* Feetot*8y pertaining to or consisting of pectose or pectin. Pectose is a 
substance contained in the pulp of unripe flechy fruit, also in fleshy roots 
and other vegetable organs. It is insoluble in water, but under the 
influence of acids is transformed into pectin. 

t A Hire equals 34 fluid ounces nearly. 

X «< CommercifiJ Organic Analysitj." By A. H. Allen, F.C.'S., voL i. 



RECOGNITION OF VEGETABLE FIBRES. 7 

it is recommended that the tissues should be cut up with 
sharp scissors, placed on a glass slide, moistened with 
water, and covered with a piece of thin glass. Under these 
conditions : — 

FilamefdB of Cotton appear as transparent tubes, flat- 
tened and twisted round their axes, and tapering off to a 
closed point at each end. A section of the filament some- 
what resembles the figure 8, the tube, originally cylindri 
cal, haying collapsed most in the middle, forming semi 
tubes on each side, which give the fibre, when viewed 
in certain lights, the appearance of a flat ribbon, with the 
hem of the border at each edge. The twisted, or corkscrew 
form of the dried filament of cotton distinguishes it from 
all other vegetable fibres, and is characteristic of the ma- 
tured pod, M. Bauer having found that the fibres of the 
unripe seed are simply untwisted cylindrical tubes, which 
never twist afterwards if separated from the plant. The 
matured fibres always collapse in the middle as described, 
and undergo no change in this respect when passing 
through all the various operations to which cotton is sub- 
ject, from spinning to its conversion into pulp for paper- 
making. 

Linen, or Flax Fibre, under the microscope, appears as 
hollow tubes, open at both ends, the fibres being smooth, 
and the inner tube very narrow, and joints, or septa,* 
appear at intervals, but are not furnished with hairy 
appendages as is the case with hemp. When flax fibre is 
immersed in a boiling solution of equal parts of caustic 
potash and water for about a minute, then removed and 
pressed between folds of filter-paper, it assumes a dark 
yellow colour, whilst cotton under the same treatment 
remains white or becomes very bright yellow. When flax, 
or a tissue made from it, is immersed in oil, and then .well 
pressed to remove excess of the liquid, it remains translu- 
cent, while cotton, under the same conditions, becomes 
opaque. 

* Septa, plural of septum, a partition, as the partitions of an orange, for 
example. 
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New Zealand Flax [Phormium teriax) may be distin- 
guished from ordinary flax or hemp by a reddish colour 
produced on immersing it first in a strong chlorine water, 
and then in anmionia. In machine-dressed New Zealand 
flax the bundles are translucent and irregularly covered 
with tissue ; spiral fibres can be detected in the bundles, 
but less numerous than in Sizal. In Maori-prepared 
phormium the bundles are almost wholly free from tissue, 
while there are no spiral fibres. 

Hemp Fibre resembles flax, and exhibits small hairy 
appendages at the joints. In Manilla hemp the bundles 
are oval, nearly opaque, and surrounded by a considerable 
quantity of dried-up cellular tissue composed of rectan- 
gular cells. The bundles are smooth, very few detached 
ultimate fibres are seen, and no spiral tissue. 

Sizal, or Sisal Hemp [Agave Americana), forms oval 
fibrous bundles surrounded by cellular tissue, a few smooth 
ultimate fibres projecting from the bundles ; is more trans- 
lucent than Manilla, and a large quantity of spiral fibres 
are mixed up in the bundles. 

Jute Fibre appears under the microscope as bundles of 
tendrils, each being a cylinder, with irregular thickened 
walls. The bundles ofEer a smooth cylindrical surface, to 
which the silky lustre of jute is due, and which is much 
increased by bleaching. By the action of hypochlorite of 
soda the bundles of fibres can be disintegrated, so that the 
single fibres can be readily distinguished under the micro- 
scope. Jute is coloured a deeper yellow by sulphate of 
aniline than is any other fibre. 



. CHAPTER II. 
MATURIALS USED IN PAPER-MAKING, 

Raw Materials. — Rags. — Disinfecting Machine. — Straw. — Esparto 
Grass. — Wood. — Bamboo. — Paper Mulberiy. 

In former days the only materials employed for the 
manufacture of paper were linen and cotton rags, flax and 
hemp waste, and some few other fibre-yielding materials. 
The reduction of the excise duty, however, from 3d. to 
l^d. per lb., which took effect in the first year of Her 
Majesty's reign — namely, m 1837— created a greatly in- 
creased demand for paper, and caused much anxiety 
amongst manufacturers lest the supply of rags should 
prove inadequate to their requirements. Again, in the 
year 1861 the excise duty was totally abolished, from 
which period an enormously increased demand for paper, 
and consequently paper material, was created by the esta- 
blishment of a vast number of daily and weekly papers 
and journals in all parts of the kingdom, besides reprints 
of standard and other works in a cheap form, the copy- 
right of which had expired. It is not too much to say, 
that unless other materials than those employed before the 
repeal of the paper duty had been discovered, the abolition 
of the impost would have proved but of little service to 
the public at large. Beneficent. Nature, however, has 
gradually, but surely and amply, supplied our needs 
through the instrumentality of man's restless activity and 
perseverance. 

The following list comprises many of the substances 
from which cellulose, or vegetable fibre, can be separated 
for the purposes of paper-making with advantage ; but the 
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vegetable kingdom furnishes in addition a vast number of 
plants and vegetables which may also be used with the same 
object. We have seen voluminous lists of fibre-yielding 
materials which have been suggested as suitable for paper- 
making, but since the greater portion of them are never 
likely to be applied to such a purpose, we consider the 
time wasted in proposing them. It is true that the stalks 
of the cabbage tribe, for example, would be available for 
the sake of their fibre, but we should imagine that no 
grower of ordinary intelligence would deprive his groimd 
of the nourishment such waste is capable of returning to 
the snlf by its employment as manure, to furnish a mate- 
rial for paper-making. Again, we have seen blackberries, 
and even the pollen (!) of plants included in a list of paper 
materials, but fortunately the manufacturer is never likely 
to be reduced to such extremities as to be compelled to 
use materials of this nature. 



Baw Materials. 



Cotton rags. 

Cotton wool. 

Cotton wastd. 

Cotton-seed waste. 

Linen rags. 

Linen waste. 

Hemp waste. 

IVIanilla hemp. 

Flax waste, etc. 

Jute waste, etc. 

China grass. 

Bamboo cane. 

Kattan cane. 

Banana fibre. 

Straw of wheat, etc. 

Hushes of various kinds. 

I^ew Zealand flax. 

Maize stems, husks, etc. 

Espaito grass. 

Iteed-^. 

Woods of various kinds, espe- 
cially white non-resinous 
woods, as poplar, willow, etc. 

Wood shavings, sawdust, and 
chips. 



Barks of various trees, espe- 
cially of the paper mulberry. 

Peat. 

Twigs of common broom and 
heather. 

Mustard stems after threshing. 

Buckwheat straw. 

Tobacco stalks. 

Beetroot refuse from sugar 
works. 

Megass, or "cane trash** — re- 
fuse of the sugar cane after 
the juice has been extracted. 

Fern leaves. 

Tan waste. 

Dyers' wood waste. 

Old bagging. 

Old bast matting. 

Hop-bines. 

Bean-stalks. 

Old canvas. 

Old rope. 

Gunny bags. 

Waste paper. 

Binders' clippings, etc. 
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Old netting. Silk cocoon waste. 

Sailcloth. Oakum. 

Sea grass (Zoatera marina). Flax tow. 
Fibrous waste resulting from . Bag bagging, 

pharmaceuticalpreparations. Leather waste. 

Potato stalks. Tarpaulin. 
Stable manure. Etc., etc. 

Aags. — Linen and cotton rags are imported into Great 
Britain from almost all the countries of Europe, and even 
from the distant states of South America, British South 
Africa, and Australasia. The greater proportion, how- 
ever, come from Germany. The rags collected in England 
chiefly pass through the hands of wholesale merchants 
established in London, Liverpool, Manchester, and Bristol, 
and these are sorted to a certain extent before they are 
sent to the paper-mills. By this rough sorting, which 
does not include either cleansing or disinfecting, certain 
kinds of rags which would be useless to the paper-maker 
are separated and sold as manure. Woollen rags are not 
usually mixed with cotton rags, but are generally kept 
apart to be converted into " shoddy." The importance of 
disinfecting rags before they pass through the hands of 
the workpeople employed at the paper-mills cannot be 
over-estimated, and it is the duty of every Government to 
see that this is effectually carried out, not only at such 
times when cholera and other epidemics are known to be 
rife in certain countries from which rags may be imported, 
but at all times, since there is no greater source of danger 
to the health of communities than in the diffusion of old 
linen and cotton garments, or pieces, which are largely 
contributed by the dwellers in the slums of crowded cities. 

Respecting the disinfecting of rags, Davis * thus ex- 
plains the precautions taken in the United States to guard 
against the dangers of infection from rags coming from 
foreign or other sources. " When cholera, or other in- 
fectious or contagious diseases exist in foreign countries, 
or in portions of the United States, the health officers in 
charge of the various quarantines in this country require 

• ** Manufacture of Paper.'* By C. T. Davis, Philadelphia, 1887. 
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that rags from countries and districts in which such 
diseases are prevalent shall be thoroughly disinfected 
before they are allowed to pass their stations. Rags 
shipped to London, Hull, Liverpool, Italian, or other 
ports, and re- shipped from such ports to the United 
States, are usually subjected to the same rule as if shipped 
direct from the ports of the country in which such 
diseases prevail. It is usually requisite that the disinfec- 
tion shall be made at the storehouse in the port of ship- 
ment, by boiling the rags several hours under a proper 
degree of pressure, or in a tightly-closed vessel, or disin- 
fected with sulphurous acid, which is evolved by burning 
at least two pounds of roll sulphur to every ten cubic feet 
of room space, the apartment being kept closed for several 
hours after the rags are thus treated. Disinfection by 
boiling the rags is usually considered to be . the best 
method. In the case of rags imported from India, Egypt, 
Spain, and other foreign countries where cholera is liable 
to become epidemic, it is especially desirable that some 
efficient, rapid, and thorough process of disinfecting 
should be devised. In order to meet the quarantine 
requirements, it must be thorough and certain in its 
action, and in order that the lives of the workmen and of 
others in the vicinity may not be endangered by the 
liberating of active disease-germs, or exposure of decay- 
ing and deleterious matters, and that the delay, trouble, 
and exposure of unbaling and rebaling may be avoided, it 
must be capable of use upon the rags while in the bale, 
and of doing its work rapidly when so used." 

Disinfecting Machine. — To facilitate the disinfecting 
of rags while in the bale, Messrs. Parker and Blackman 
devised a machine, for which they obtained a patent in 
1884, from which the following abstract is taken. 

Fprmerly rags and other fibrous materials were dis- 
infected by being subjected to germ-destroying gases or 
liquids in enclosed chambers, but in order to render the 
disinfecting process effectual, it was found necessary to 
treat the material in a loose or separated state, no suc- 
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cessful method liaving beeo adopted for dismfecting the 
materials while in the bale. " This imhab'ng and loosen- 
ing or spreading of the undisinfecCed material is'iibso- 
lutelv unsafe and dangerous to the workmen, or to those 
in the vicinity, because of the consequent setting free of 
the disease germs, and the exposing of any decaying or 
deleterious matters which may be held in the material 
while it is compressed in the bale. The imbaling and neces- 
sary rebaling of the material for transportation also in- 
volves much trouble and expense and loss of time. Large 
and cumbrous apparatus is also necessary to treat large 



quantities of material loosened or opened out as hereto- 
fore," 

It is specially necessary that rags coming from Egypt 
and other foreign countnes' should be thoroughly disin- 
fected by some rapid and efEectual means, which, while not 
endangering the health of workmen employed in this some- 
what hazardous task, will fully meet all quarantine re- 
quirements. The apparatus devised by Messrs. Parker and 
Blackman,* an abridged description of which is given 
below, win probably accomplish this much-desired' object. 
• Patent dated I6tb December, 1SS4, No. 530. 
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Id the illustration. Fig. 1, a ia the disinfecting chton- 
ber. At one end is an opening a', and a door b, hinged 
at its . lower edge and adapted to be swung up, so as to 
close the opening tightly. For supporting and cturying 
the bale c of material to be placed in the chamber is a 
carriage c', consisting of a platform supported upon 
wheels or castors c C. While the carriage is whoUy within 
the chamber a, as shown in Fig. 2, these wheels rest upon 
the false bottom b^ ; when the carriage is rolled back 
and out of the chamber, as shown in Fig. 1, they roll 
upon the upper face of door b swung down. The carriage 
is provided with a clamping device D to hold the bale 
firmly and immovably. To cause the carriage to move 
into and out of the chamber, the inventors provide upon 







Fig. 2. 

the under side of the platform a fixed sleeve E, interiorly 
threaded to fit the screw e', joumalled at one end near the 
opening in the chamber end in a stationary block e' fixed 
upon the false bottom b*. From this end the screw ex- 
tends along imder the carriage through the screw sleeve 
and to the other end of the chamber. A collar e^ on the 
screw bears against the inner end of this journal-bearing, 
and upon the end of the shank e bearing against the other 
end of the journal is fixed a pinion i; which is to he 
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driven in either direction as desired. Above this journal- 
bearing is a series of similar bearings (five being shown), 
G G, passing through the wall of the chamber. Of these 
the middle one is in a line with the centre of the bale, 
supported and held on . the carriage. The others are 
arranged at the comers of a square. Joumalled in these 
bearings are the hollow shanks h h of the hollow screws 
1 1 pointed at i^ 1^. Each screw is perforated, i i, between 
the threads i^ i^ from the fixed collar k k. Upon the 
tubular shanks h h of the screws are fixed the gear- 
wheels L L. At a short distance from the end of the 
chamber a is the hollow chamber or receptacle m, into 
which is to be forced the disinfectant liquid or gas. Th^ 
tubular shanks h h of the screws project through the 
wall M, passing through stuffing-boxes m m, and their 
bores communicate with the interior of the chamber, the 
shank of the middle screw being continued through the 
opposite wall and a stuffing-box, its solid or projecting 
end being provided with two fixed pulleys, n n, and a 
loose pulley o. When a gaseous disinfectant is used, it 
can be forced by any desired means through the pipe s 
into the chamber. Where a liquid disinfectant is used, 
an elevated tank r containing the fluid may be used. As 
most fibrous materials, and especially rags, are baled so as 
to be in layers, it is preferable so to place the bale upon 
the carriage that the perforated screws may penetrate the 
material at right angles to the layers by which the gas or 
liquid issuing through the holes in the screws passes in- all 
directions throughout the mass within the bale. 

In the upper part of chamber a are perforated shelves 
V V, upon which, if desired, the material can be spread 
out and subjected to disinfecting gas or vapour. On the 
top of the chamber is a tank w nearly filled with disin- 
fecting liquid. A passage w^ extends from upper part of 
the chamber up into the tank above the level of the liquid 
therein, and is then carried at its end down below the sur- 
face of the liquid. At its other end the tank is provided 
at its top with a discharge opening x and a suitable pipe 
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x^, forming a continuation of tHe opening ; by this means 
all foul and deleterious vapours or gases passing out of 
the closed chamber a through the passage w must pass 
through the disinfecting liquid in the tank before escap- 
ing through the opening x and ptack x^ into the air, and 
are thus rendered harmless. 

When a sufficient amoimt of the disinfectant has been 
forced into and through the bale, the disinfectant is turned 
off, and cold dry air can be . forced through chamber m, 
and out through the nozzles and bale, whereby the 
material within the bale becomes cooled and dried, and all 
the foul air from the chamber a driven out, so that it may 
be opened and entered with safety. Any suitable disin- 
fectant may be used with this apparatus, as, for example, 
sulphurous acid, in gas or solution, superheated steam, 
carbolic acid, or any solution or vapour containing 
chlorine. 

Straw. — ^Very large quantities of this material are used 
in the manufacture of paper, but more especially for news- 
papers, the straw from wheat and oats being mostly em- 
ployed. Although the percentage of cellulose in straw is 
about equal to that of esparto, the severe treatment it re- 
quires to effectually remove the silicious coating by which 
the fibre is protected, and to render the knots amenable 
to the action of the bleach, greatly reduces the yield of 
finished pulp. Many processes have been introduced 
for the treatment of straw for paper-making, but the 
most successful of them appear to be modifications 
of a process introduced in 1853 by MM. Coupier and 
Mellier. 

Esparto Grass. — ^This important fibrous material is 
largely imported from Algeria, Spain, and other countries, 
and constitutes one of the most valuable fibre-yielding 
materials with which the manufacturer has to deal. Some 
idea of the amount of esparto and other fibres which find 
their way to our shores may be gleaned from the fact that 
while the import of cotton and mien rags in the year 1884 
was 36^233 tons, of the value of £487,866, that of esparto 
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and other fibres amounted to 184,005 tons, of the value of 
£1,125,553. 

Wood. — ^As a paper-making material, the fibre obtained 
from various kinds of wood now holds an important posi- 
tion, since the sources of supply are practically inex- 
haustible. The first practical process for manufacturing 
pulp from wood fibre was perfected and introduced by the 
author's father, the late Mr. Charles Watt, who, in con- 
junction with Mr. H. Burgess, obtained a patent for the 
invention on August 19th, 1853. The process was after- 
wards publicly exhibited at a small works on the flegent's 
Canal, when the Earl of Derby (then Lord Stanley), many 
scientific men and* representatives of the press, were 
present, and expressed themselves weU satisfied with its 
success. Specimens of the wodd paper, including a copy 
of the Weekly Timers printed thereon, were exhibited, as 
also some water-colour drawings which had been produced 
upon paper made from wood pulp. Failing to get the 
process taken up in England, an American patent was 
applied for and obtained in 1854, which was subsequently 
purchased ; but with the exception of an instalment, the 
purchase-money was never paid to the inventor ! Thus 
the process " got " into other hands, the original inventor 
alone being unbenefited by it. 

It has been repeatedly stated,* no doubt unwittingly, 
that a person named Houghton first introduced the wood 
paper prpcess into this country ; but considering that his 
patent was not obtained imtil 1857, or four years after the 
process above referred to was patented and publicly ex- 
hibited in England, it will be seen that the statement is 
absolutely without foundation. The first knowledge Mr. 
Houghton received concerning wood as a paper-making 
material was from the author's father, and he (Mr. Hough- 
ton), in conjunction with Mr. Burgess, introduced the 
Watt and Burgess process into America in the year 1854. 
These are the facts. 

* "Forestry and Forest Products," p. 601, and Cross and Sevan's 
** Text Book of Paper-making," p.- 66. 

C 
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Bamboo {Bambma vulgaris),— The leaves and fresh-cut 
stems of this plant are used for paper material, but require 
to pass through a preliminary process of crushing, '^hich 
is efEected by suitable rolls, the second series of crushing 
rolls being grooved or channelled to split or divide the 
jnaterial, after which the stems are cut to suitable lengths 
for boiling. 

Paper Mulberry {Bromsonefia papyri/era). — ^The inner 
bark of this tree, and also some other basts, have long been 
used by the Japanese and Chinese in the manufacture of 
paper of great strength, but of extreme delicacy. 



CHAPTER III. 
TREATMENT OF RAGS. 

■ 

Preliminary Operations. — Sorting. — Cutting. — Bertrams* Rag-cutting 
Machine. — Nuttall's Bag-cutter. — Willowing.— Bertrams' Willow 
and Duster. — Dusting. — Bryan Donkin's Duster or Willow. — 
Donkin's" Devil." 

Preliminary Operations. — Before the rags are submitted 
to the various processes which constitute the art of paper- 
making, they are subjected to certain preliminary opera- 
tions to free thenx from dirty matters, dust, and even 
sand, which is sometimes fraudulently introduced into 
rags to increase their weight. This preliminary treatment 
may be classified under the following heads, namely : — 
Sorting ; Cutting ; Willowing ; Dusting. 

Sorting. — The rags being removed from the bags or 
bales in which they are packed, require first to be sorted 
according to the nature and quality of the fabrics of 
which they are composed ; thus linen, cotton, hemp, wool, 
&c., must be carefully separated from each other ; the 
thickness of the substance, its condition as to the wear it 
has imdergone, and the colour of the material, all these 
considerations are taken into account by the women and 
girls who are employed in the operation of sorting. The 
finer qualities are set aside for writing-paper, inferior 
sorts being used separately, or mixed, according' to the 
requirements of the manufacturer. Blue rags are gene- 
rally separated from the rest and kept for the manufacture 
of blue paper, but most of the other coloured rags require 
bleaching. In sorting rags, a good deal of judgment and 
skill are required to avoid mixing the better qualities with 
those of an inferior class, which would occasion loss in the 
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manufacture. It is also important that those of inferior 
colour should not be mixed with the finer qualities, which 
would be liable to affect the colour and deteriorate the 
quality of the paper. Paper manufacturers generally 
classify the rags obtained from home sources, that is, from 
different parts of the United Kingdom, under the following 
heads : — 



New cattings.' 
Linen pieces. 
Cotton pieces. 
Fines (whites). 
Superfines (whites). 
Outshots (whites). 
8econd8 (whites). 
Thirds (whites). 



Home Eags. 

* Colours or prints. 
Blues. 

Gunny, clean. 
Gunny, dirty. 
Bope (white). 
Bope (hard). 
Hope, bagging, etc. 



Foreign rags are distinguished as below : — 



Belgian 

"White linens. 

Mixed fines (linens and cot- 
tons). 
Grey linens. 
Strong linens. 
Extra fine linens 
Blue linens. 

Superfine white cottons. 
Outshot cottons. 
Seconds. 



Kaos. 

Half jute and linen. • 

Light prints. 

Mixed prints. 

Blue cottons. 

Fustians. 

Black calicoes. 

White hemp, strings, and rope. 

Tarred hemp, strings, and rope. 

Jute spinners* waste. 

Jute waste. 



New, 



White linens. 
Grey linens. 
Blue linens. 
Unbleached cottons. 
White Unens and cottons. 



Print cuttings (free from 

black). 
Blacks. 
Fufitians. 



French linens. 
White cotton. 
Knitted cotton. 
Blue cotton. 
Coloured coiton. 



French Raos. 

Black cotton. 
Marseilles whites. 
Light prints. 
Mixed prints. 
New white cuttings. 





SORTING RAGS. 


8. P. p. 

p. p. 
p. o. 

L". X. p. 

p. p. -white linen (first). 
p. white linen (second)^ 


Gebman Bags, 

L. p. 6. blue. 

« 

C. 8. P. P. P. P. 

0. P. b. blue, 
c. p. X. coloured. 

Trieste. 

6. fine greys. 

X. coloured cottons. 


p. L. linens, 
p. c. cottons. 




Leohobn. 

s.-c. 

T. 0. 

• 




Turkey and Bbybout. 






Bright reds. 






Alexandria. 


Whites. 




Blues. Ck>lours. 




Baltic and Bussian. 


8. p. P. P. 
8. P. P. 
li. P. B. 
P.O. 




p. p. 
B. o. 
L. p. X. 
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Woollen rags are only used to a very moderate extent 
in blotting and filtering papers and also in coarse papers 
and wrappers. Many attempts have been made to bleach 
woollen rags, but the severity of the treatment required 
invariably ended in a destruction of the fibrous substances 
mingled with them. It is customary to dispose of such 
material for re-making into common cloths, and for 
shoddy. Rags collected in large cities, in consequence 
of the frequent bleachings they have been subjected to, 
are considerably weakened in fibre, tearing easily, and are 
therefore subject to loss in process of manufacture into 
pulp. Country rags, b^ing coarser and greyer because less 
bleached, are stronger in fibre and give a better body to 
the paper. In sampling rags it is necessary to take pre- 
cautions against the fraudulent " tricks oi the trade," 
which are often resorted to to cheat the manufacturer. 
Samples should be taken from the interior of the bags 
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or bales, to ascertain if the material in the interior 
is equal in quality with that at the outside — that is- 
to say, that the quality is fairly averaged throughout. It 
may also be found that the rags have been purposely 
wetted to increase their weight. If such is foimd to be 
the case, a few handfuls should be weighed, and then 
dried in a warm room, and afterwards re- weighed, when 
if the loss exceeds 5 to 7 per cent, it may be assumed 
that the rags have been fraudulently wetted. It is gene- 
rally found, however, that the merchants in the principal 
towns transact their business honourably and are therefore 
reliable. 

The sorting is generally performed by women, who not 
only separate the various qualities of the rags, which 
they place in separate receptacles, but also remove all 
buttons, hooks and eyes, india-rubber, pins and needles, 
&c., and loosen all seams, hems and knots. The rags 
are next carefully looked over by women called over- 
haulerSy or over-lookers, whose duty it is to see that the 
previous operations have been fully carried out in all 
respects. Usually there is one over-hauler to every eight 
or ten cutters, 

Cntting. — In some mills it is preferred to have the rags 
cut into pieces from 2 to 4 inches square, but the actual 
size is not considered of much importance. The chief 
object is to have them in such a condition that they may 
be thoroughly cleansed in subsequent operations, and able 
to float throughout the water in the rag-engine, without 
twisting round the roller. If the rag pieces are smaller 
than is required to effect this it tends to create a loss of 
fibre in the operations of willowing and dusting. 

The process of cutting . is performed by hand or 
by machinery. When the rags are cut by hand, the 
operation, which is accomplished by women, is conducted 
as follows : — The cutter takes her place in front of an 
oblong box, as in Fig. 3, covered with coarse wire netting, 
containing three threads per inch, through which dust, 
&c., passes to a receptacle beneath ; in the centre is fixed, 



in a glanting position, a large-bladed knife of peculiar 
form, with its back towards the operator, who is sur- 
rounded by a niunber of 
boxes, corresponding with 
the number of the dif- 
ferent qualities of rags ; 
these are lined at the bot- 
tom with coarse wire 
gauze. In the operation 
of cutting, if any foreign 
substances, such as but- 
tons, hooks, &c., which 
may have escaped the 
sorters are found, these 
are at ouce removed. The 
rags as they are cut are Fig. 3. 

put into baskets to be 

conveyed to the rag-engine room. In some mills rags 
are cut by machinery, but hand cutting is usually adopted 
for the better kinds of paper, as it is obvious that the 
machine would not be able to reject, as is the case in 
hand cutting, unpicked seams and other irregularities 
which may have escaped observation by the sorters and 
overhaulers. Machine cutting is, therefore, generally 
adopted for the materials which are to be used for the 
coarser papers. There are-several rag-cutting machines 
in use, of which one or two examples are given below. 

Bertrajni' Sa^-Cnttiiig Maohiii*. — The engraving. 
Fig, 4, represents a machine manufactured by Messrs. 
Bertrams, Limited, of St. Katherine's Works, Edin- 
burgh, to whose courtesy we are indebted for this 
and other illustrations of their machinery, which have 
been reproduced in outline from their illustrated cata- 
logue. The machine, which is suitable either for rags or 
■ ropes, has three revolving knives, and one dead knife, 
which is rendered reversible to four edges, and has self- 
acting feed gear, side frames, drum, and other connec- 
tions of substantial construction ; it is wood covered, and 
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furnished with Bheet-irou delivery epout. The material 
passea into the machine along the table at a, where it 



Fig. 4. 

passes between the dead knife c and the knives h fixed to 
the revolving drum d. The cut rags fall into a receptacle 
beneath the drum. 

ITuttall'i Bag Cutter. — Another type of rag cutter, 
and which is also suitable for cutting bagging, sailcloth, 
tarpaulin, -Manilla and other fibres, is Nuttall's Rag Cut- 
ter, a drawing of which is shown in Fig. 5, This 
machine is manufactured by Messrs. Bentley and Jackson, 
of Bury, near Manchester, and is generally known as 
the "Guillotine Rag Cutter," from the principle of its 
action, which is that of chopping the material. The 
machine is adopted at many mills, and a large-sized 
machine has recently been put down at the Daily Tele- 
graph milla, Dartford. A medium-sized machine will cut 
about one ton of rags in an hour. 

WillowinK.^ — In some mills the cut rags are conveyed 
to a machine called the " willow," which m one form of 
machine consists of two cast-iron cylinders, 3i feet in dia- 
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meter and Z\ feet wide, provided with numerous iron 
teeth, which project about 4 inches. These cylinders are 
' placed one b^iind the other, and beneath them is a semi- 



Fig. 6. 

circular sqlfrw, and above them a coyer of the same form. 
This cover is also furnished with feeth, and ia so adjusted 
that the teeth in the cylinders pass those in the cover at 
a distance of ^ to f of an inch. In front are a pair of 
roller|^^P revolving apron, which carry the rags into the 
cyli^^^S^hich rotate rapidly ; and the rags, which are 
thr(^^^y the first into the second cylinder, are allowed 
to rsmain in them for about 20 seconds, when a sliding 
door, which rises three times per minute, allows the rags 
to he discharged into a duster. Each time the sliding 
door opens the revolving apron moves forward and re- 
charges the willow with a fresh supply. The rags, after 
being beaten and teazed in the willow, are considerably 
loosened in texture, and a good deal of dust and gritty 
matters fall through the screen beneath. 

Pig. 6 represents a combined willow and duster, speci- 
ally useful for waste rags and jute, but may be used for 
all fibres, manufactured oy Bertrams, Limited, the main 
features of whieh are thus described : — " There are two 
drums, which have maUeable-iron cross-bars and teeth, 
and malleable- iron harp motion below for escape of dust. 
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The framework of the willow is of cast iron, and the sides 
are filled in with caat-iron panel doors, the top being 
covered in with sheet iron. The gear is an-knged so that 
the willow wiH deliver to the duster or otherwise by self- 
acting motion continuously or intermittently. The feed 
to the willow can also be made continuous or intermittent. 
The drums, framework, panels, and casing being made of 
iron, the chance of fire from the friction of its working is 
reduced to a minimum. The duster, as a rule, is 12 feet 



Fig. 6. 
long, about 5 feet in diameter, and has eight longitudinal' 
bars of cast iron fitted between the front and end revolving 
rings. These bara are fitted with malleable- iron spites, 
pitched and ao arranged that the rags or fibres are delivered 
at the exit end automatically. The outside of the duster 
can be lined with wire-cloth, perforated zinc, iron, etc. 
It is driven by outside shafts and friction gear, so that 
there is no internal shaft to interfere with the delivery of ■ 
the fibres." 

Dastiug. — In Fig. 7 is shown a rag-dusting machine, 
manufactured by Messrs. Bryan Donkin and Co., of Ber- 
mondsey, London. The cyhnder of this machine, which 
is conical in form, to enable the rags to travel from one 
end to the other, whence they are ejected, revolves, as 
also does a second cylinder, of a skeleton forin, but in 
the opposite direction. Each cylinder is fitted with 
knives, or spikes — those of thq outer cylinder projecting 
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towards the centre; the knives of the centre cylinder 
being attached to its exterior surface : when the machine 
is in motion the two sets of blades pass each other so 
that when the rags come between them the action is that 



Fig- 7- 

of scissors. When the rags are ejected at the end of the 
cylinder, they pass into another cylinder of wire, through 
which the dust falls and leaves, them in a fairly clean 
condition, when they are lowered through a trap-door to 
the boiling room below. 

Donkin's " Dsvil." — For removing the dust and dirt 
from coarse and "very dirty rags, oakum, rope, etc., the 



presence of which would seriously injure the quality of 
the paper, a still more powerful machine has been in- 
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troduced, called the " devil," whicli is constructed on the 
same principle as the willow, but revolves at a lower 
speed. The revolving axle of this machine is conical, and 
is provided with teeth, arranged in a spiral form. The 
case in which it rotates is fed continuously, instead 'of 
intermittently ; and although it facilitates the subsequent 
treatment of the fibre, it is said to .be wasteful, while also 
consuming a considerable amount of power. A machine, 
or " devil," for cleaning rags or half stuff is manufactured 
by Messrs. Donkin and Cp., a representation of which 
is shown in Fig. 8. 



CHAPTER IV. 
TREATMENT OF RAGS {continued). 

Boiling Bags.— Bertrams' Rag Boiler. — Donkin's Rag Boiler. — ^Washing 
and Breaking. — Bertrams' Rag Engine. — Bentley and Jackson's Rag 
Engine. — ^Draining. — Torrance's Drainer. 

Boiling Bags. — To renuove greasy matters, and also to 
dissolve out the cementing substances from the stems of 
flax and shell of the cotton, the rags are next boiled in a 
solution of caustic soda, caustic lime, or a mixture of car- 
bonate of soda and lime. The boiling has also the effect 
of loosening the dirt contained in the rags, whereby the 
colour of the material is greatly improved, while at the 
same time it is rendered more susceptible to the action of 
the bljBaching agent. Strong linen rags will sometimes 
lose from one-third to one-fifth of their weight by the 
process of boiling. The vessels for boiling rags are of 
various construction, and have been the subject of nume- 
rous ingenious patents. These boilers are either cylin- 
drical or spherical, and are also stationary or rotary— the 
latter fon^being devised for the purpose of keepiig the 
caustic alkali solution freely diffused throughout the mass 
of fibre during the boiling. 

Bertrams' Bag Boiler.— An illustration of a spherical 
boiler, as manufactured by Bertrams, Limited, of Edin- 
burgh, is given in Fig. 9. The shell of this boiler is 
made from malleable iron, is 8 feet in diameter and 
9 feet deep. The boiler is constructed on what is termed 
the " vomiting " principle, by which a free circulation of 
the alkaline liquor is constantly maintained. These boilers 
are made to withstand any pressure of steam, but the size 
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given ia ■ usually worked at from 35 to 45 lbs. pressure, 
and carries about 30 cwt, of dry esparto. 




fig. B. 

SonUifs Bag Boiler.— The spherical boiler of MeserR. 
Bryan Donkin and Co. is shown in Fig. 10. Being of 
a spherical form, it is twice as strong as a cylindncal 
boiler of the same diameter and thickness. The plates 
used are, notwithstanding, of the usual substance, thus 
rendering it perfectly safe, durable, and suitable for high- 
pressure steam. The spherical shape also allows the rags 
to fall out by themselves when the boiler ia revolving 
with the cover off. Within the boiler are .strainers to 
carry off the dirt, and lifters to agitate the rags during 
the process of either boiling or washing. To avoid 
cement, or even lead joints, the gudgeons and the boiler 
are turned true in the lathe to fit each other, the joints 
being simply made with red lead. These boilers are 
usuaUy about 8 feet in diameter, and are capable of boil- 
ing from 20 cwt. to 25 cwt. of rage. The idea of giving 
motion to the boiler, so aa to insure a perfect mixture 
■ of the raga and the caustic liquor, ia of American origin, 
and was first introduced into thia country by Messrs. 
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Bryan Donkib and Co. It is usual to fix the boiler so 
that it can be fed with rage through a trap in the floor 
above, while the boiler is in a vertical position and the lid 
removed. The trunnions are hollow, to admit the intro- 
duction of steam, alkaline ley, or water, and its rotary 



, Fig. 10. 

motion, which is about three times in two minutes, is given 
by the gearing on the left of the illustration. 

The alkalies used for boiling rags are either caustic 
soda, soda ash, slaked lime, made into a cream and sifted, 
or a mixture of slaked lime and carbonate of soda. A . 
description of the preparation of caustic soda ley will be 



32 TREATMENT OF RAGS. 

found in another chapter. It has been customary at 
most of the larger paper-mills to purchase their caustic 
soda direct from the alkali manufacturers, who supply 
it in a solid form enclosed in iron drums, hermetically 
closed, which are broken and the contents removed 
and dissolved when required for use. As to the strength 
of caustic soda liquor to be used for boiling rags, this 
is regulated according to the nature and condition of 
the material, and the quality of the paper it is intended 
for (see p. 34). For the finest papers the. caustic soda 
should be perfectly pure, and as there are various grades 
of this chemical substance sold by the alkali makers, 
only the purer qualities are used for the better kinds 
of paper. The proportion of caustic soda per cwt. of 
rags varies to the extent of from 5 to 10 per cent, of 
the former to each cwt. of the latter, the coarser mate- 
rials, of course, requiring more alkali than those of finer 
quality. In cases where rags are boiled .in an open 
boiler — ^as was formerly the case — ^a much larger propor- 
tion of caustic soda would be required than when the 
boiling is conducted under high pressures, as is now very 
generally the custom. In boiling the finer qualities of 
rags, less pressure of steam is required than for the coarser 
quaUties, and the heat being proportionately lower, there 
is less destruction of the fibre. Some paper-makers prefer 
to boil the rags with caustic lime only, in which case the 
lime, after being slaked in the usual way, is mixed with 
water imtil it attains a milky consistence, when it is 
passed through a sieve to separate any solid particles 
which may be present. About the same percentage of 
lime may be used as in the former case. 

When a mixture of lime and carbonate of soda is used, a 
method much adopted on the Continent, the lime should be 
well screened from lumps before being mixg^ with the soda. 
The usual method of preparing this nfixture is as fol- 
lows : — ^A wooden tank, 15 feet long, 5 feet Vide, and 4 feet 
deep is divided into three compartments, each of which 
has a false bottom perforated with i-inch holes to keep 
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back lumps, stones, pieces of coal, etc., which frequently 
abound in the lime. The fresh lime is put into the first 
compartment, where it is slaked with water in the usual 
way ; the resulting powder is then put into the next com- 
partment together with sufficient water, where it is agitated 
until converted into what is technically termed " milk of 
lime." In the partition which separates the second from 
the third division is a movable sluice, through which the 
milk of lime flows into the third compartment ; in this is 
fitted a revolving drum, similar to the drum-washer of 
the breaking-engine, through which the milk of lime 
which flows from the sluice becomes strained, and is lifted 
in the same way as water is lifted by the drum- washer of 
the breaking-engine, and is thence discharged through a 
pipe into the rag boilers ; an additional straining can be 
effected by placing a fine wire strainer over the mouth of 
this pipe leading to the boiler, which will prevent objec- 
tionable particles from entering the*boiler. Each com- 
partment is provided with a larg6 waste pipe, through 
which, by the aid of a sufficient supply of water, all im- 
purities which have been rejected by the drum are carried 
away. The soda solution is prepared by dissolving the 
required proportion in water, and the resulting liquor, 
after careful straining, is introduced into the boiler to 
which the charge of rags has been given ; the head of the 
boiler is then fixed in its position and steam turned on, 
until a pressure of about 20 to 30 lbs. to the square inch 
is attained, and the boiling kept up for two to six hours, 
according to the quality of the rags. By the Continental 
system of boiling rags, for No. 1 stuffs, 316 lbs. of lime 
and 114 lbs., of 48 per cent., soda ash are u^ed for every 
4,000 lbs. of rags ; for Nos. 3 and 6 stuifs, 324 lbs. of 
lime and 152 lbs. of soda ash are used ; and for No. 4 
stuff 378 lbs. of limfe and 190 lbs. of soda ash, and the 
boiling in eAch case is kept up for twelve hours, under a 
pressure of 30 lbs., the operation being conducted in 
boilers which revolve horizontally. 

In boiling the finest qualities of rags, it is considered 

T) 
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preferable to boil with lime alone^ which is believed to be 
less injurious to delicate fibres than caustic soda. Dunbar * 
gives the following proportions of 70 per cent, caustic soda 
per cwt. of rags : — 

s. p. F. F. F. is boiled with lime alone, then washed in 
the boiler, and again boiled with 2 per cent, of soda ash. 

8. p. p. p. is boiled with 12 lbs. of (70 per cent.) caustic soda per cwt. 



s. p. P 
Fines 

Seconds 




, 7 
, 6 






L. p. X. 




, 20 






C Ij» F. X. 




, 27 






C« C> Ij* p. x« 




, 30 






p. p. 




, 15 







These are all boiled at d pressure of from 20 to 25 lbs. for 
10 hours, in stationary boilers without vomit, and also in 
boilers revolving horizontally. In some mills, where the 
best qualities of paper are made, iron boilers are objected 
to, as small particles of oxide of iron are apt to become 
dislodged from the interior of the boiler, and produce dis- 
colouration of the paper. In such cases wooden vats, 
with mechanical stirrers, are employed ; sometimes a 
jacketed boiler is used. 

Washing and Breaking. — The removal of the dirty 
water resulting, from the boiling is e£Eected in the washing 
and breaking engine, or " rag engine," as it is commonly 
called, which is constructed on the same principle as the 
beating engine, but is provided with an extra drum, called 
the drum-washer^ which, being covered with wire gauze, 
allows the washing waters to escape without permitting 
the fibrous stufE to pass through. The rag engine, having 
been invented by a Dutchman, acquired, and still retains, 
the name of the Hollander, and although it has been con- 
. siderably improved upon, its principle is still retained in 
the modern engines, of which there are many different 
forms. The ordinary rag engine, Figs. 11 and 12, consists 

* "Practical Paper Maker," by Jjimes Dunbar. Mackenzie and 
Storrie, Leith, 1887. 
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of acast-irontroughA, about 10 feet long, 4J feet wide, and 
2| feet deep, and rounded at the ends, and ia firmly bolted 
to a wooden foundation. It is provided with a partition 
termed the midfeather B, of aucn a length as to have the 
trough of uniform width round it. A cylinder, or roll, c, 
furnished with a series ot steel knives, rotates in one of 
the divisions formed by the midfeather, and the floor of 
the trough in this division is inclined in such a manner as 



Figa. It and 12. 

to cause the pulp, as it travels, to pass under the roll. 
Beneath the roll is the bed-plate, which ia fitted with a 
series of steel knives c c Bimilar to those on the exterior of 
the roll. The distance between the knives of the.roU and 
'the bed-plate is regulated by levelling screws, which are so 
adjusted that both ends of the roll are raised at the same 
time, which is a great improvement upon the older types 
of breaking engines in which only one end of the roll was 
raised, whereby the knives became unequally worn. By 
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the present method of regulating the distance between the 
respective sets of knives, any required degree of fineness 
can be given to the fibrous substances treated. The roll 
is genierally caused to rotate at a speed of about 230 
revolutions per minute, causing the water and rags to cir- 
culate in the engine and to be constantly under the action 
of the knives. In the other division f f of the trough 
is the drum-washer h; which, being covered with fine 
gauze wire, allows the water to enter, but keeps bdck the 
fibrous material. The ends of the drum are formed of 
two discs of wood, generally. mahogany, upon which the 
coarse gauze is fastened as a backing, aud this is covered 
with the fine wire, gauze. The interior of the drum is 
sometimes furnished with a series of budkets, which con- 
duct the water to a trough in the axis of the drum, by 
which it is led a,way. This is also accomplished by dividing 
the interior of the cylinder into compartments by means 
of a partition. The drum-washer is so arranged that it 
can be wholly raised out of the trough, which is necessary 
in certain parts of the operation, when the removal of the 
liquid is not required ; or it can be partially raised, or 
otherwise, according to requirement. The floor of the 
compartment containing the roll c is inclined at d, so as 
to cause the pulp to pass directly under the roll, and at 
d' is the backfall, over which the pulp travels to the oppo- 
site side of the midf eather. 

In working the' rag engine, it is first partly filled 
with water, and then set in motion ; the boiled stuff is 
then gradually put in, and a constant supply of clean 
water is run in from a cistern provided with means of 
preventing sand or other impurities from finding their 
way into the engine. It is of the utmost importance that 
the water should be abundant and of good quality, more 
especially as the material (rags) is mostly required for 
making the finer qualities of paper. In this respect the 
county of Kent and a few other localities on the chalk 
formation are considered specially suitable for this par- 
ticular manufacture. 
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"With respect to the driving of tlie engines, this was 
formerly effected by what is called toothed gearimj, but 
cog-wheels were afterwards replaced by iron spur-wheel 
gearing, which enabled manufacturers to drive four or 
more engines from one source of power, by continuing the 
line of shafting and spur-wheels ; but even with small 
rolls the wear and tear on this system was considerable, 
while it was quite inadequate to the driving of a number of 
large rolls of 30 inches in diameter, such as are now used. 
The introduction of belt-gearing, by Messrs. G. and W. 
Bertram, proved to be a great improvement on the older 
system, and it is found that the rags are broken not only 
more uniformly, but in less time, as the rolls work more 
steadily on the plates than with any system of wheel- 
gearing, while the various working parts of the engine 
- last longei' than when Objected to the vibrating action of 
wheel- gearing. 

Bartrams' Ba^ Engin«. — This engine, of which a 
drawing is shown jn Fig. 13, may be used either as a 



washing and breaking engine, potcher, or beater. It is 
provided with double lifting gear, and has " all sweeps, 
curves, and angles " of the most improved design to save 
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lodgments and ensure steady and thorough travellmg of 
the pulp. The drum-waaher is shown lifted by rack and 
pinion and worm gear, and empties down the midfeather 
direct to mouthpiece. !J'he emptying can be done by 
spout and pipe, or by a chamber cast on the engine, down 
back or front side, as well as through the midfeather ; 
but it is not advisable that it should be emptied down the 
midfeather if the rag engine is to be'used as a beater. 

Baatley and Jackaon's Sag Eagin*. — This form of 
engine is shown in Fig. 14. The trough is of cast-iron, 
and made whole, and the engine can be obtained of any 
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required dimensions. The trough is provided with a sand- 
well, cast-iron grate, and cock in front of the roU, and a 
sand-well, cast-iron grate, and brass valve on the back of 
the midfeather, a brass let-off valve and a brass waste- 
water valve. The bottom of the trough is "dished," to 
prevent the stuff from lodging. There are two movable 
bridge trees, fitted with pedestals and brass steps, and 
wrought-iron lifting links and screws, worm-wheels, 
worms, cross-shaft and hand-wheel for simultaneously 
lifting the roll on both sides. The roll is cov»ed by a 
polished pitch-pine cover. ' The drum-washer may have 
either iron Or wooden ends, has strong copper brackets, 
and is covered with brass backing and. covering wires, 
mounted on a wrought-iron shaft, and carried fey cast- 



BREAKING HALF-STUFF— DRAINING. 39 

iron stands, fittevi with improved lifting gear, driving- 
wheels, and pulley. 

When the engine is set in motion by the revolving 
shaft or spindle, the combined action of the knives of the 
roll and bed- plate causes the rags, which circulate in the 
water, to be gradually cut into small fragments, and the 
operation is kept up until the rags are converted into what 
is technically termed half-stuff. While this process is 
going on, fresh water is constantly supplied by a pipe at 
the end of the washing-engine ; and when it is found that 
nothing but clear water escapes from the drum- washer, 
this is raised, and the spindle bearing the roll is lowered, so 
as to bring the respective knives closer together, to enable 
them to cut the reduced material still finer. 

Draining. — When the material is sufficiently broken, as 
it is. termed, the engine is then emptied by means of its 
valves, and the contents run into large vats or drainers^ 
furnished with perforated zinc floors, in which it is 
allowed to drain thoroughly ; and in order, to remove the 
water more effectually, the pulp is afterwards pressed, 
either by an extractor or a centrifugal drainer, which 
dries it sufficiently for gas-bleaching, or for treatment in 
the potcher or poacher. This is a larger engine than the 
washer, and instead of the cylinder and bars, has a hollow 
drum which carries on its periphery a number of cast- 
iron paddles, which thoroughly agitate the pulp, and thus 
render it more susceptible of being 'freely and uniformly 
acted upon by the bleaching agent. The drum- washer of 
this engine should have a finer wire than is used for the 
breaker. 

Torrance's Drainer. — This machine, which has been 
extensively used, is manufactured bj Messrs. J. Bertram 
and Son, of Edinburgh. It consists of a perforated cylin- 
drical box, enclosed in a fixed case, which revolves at 
about two hundred and fifty revolutions per minute. The 
machine is capable of treating about 4 cwt. of pulp per 
hour. 



CHAPTER V. 
TREATMENT OF ESPARTO. 

Preliminary . Treatment. — Picking. — Willowing Esparto. —Boiling Es- 
parto. — Sinclair's Esparto Boiler-. — Roeckner's Boiler. — MaUary's 
Process. — CarbonelPs Process. — Washing Boiled Esparto. — Young's 
Process. — Bleaching the Esparto. 

Preliminary- Treatment: Picking. — Esparto is im- 
ported in bales or trusses, tightly compressed by hydraulic 
presses, and bound with twisted bands of the same 
material, much in the same manner as hay, except that 
which comes from Tripoli, which is bound with iron 
bands. The bands being cut, the loosened material is 
then spread out upon tables, partly covered with iron, 
or galvanised-iron, netting, to allow earthy matter or sand 
to pass through to a receptacle beneath. Here it is care- 
fully picked by women and girls, who remove all roots, 
other kinds of grass, weeds, and heather. The material 
thus cleansed from impurities is transferred to the boiling- 
room. This careful preliminary treatment has been 
found necessary, since pieces of root and other vegetable 
matters which may be present are liable to resist the action 
of the bleaching liquor to a greater extent than the grass 
itself, and therefore produce specks, or " sheave " as they 
are termed at the mill, in the manufactured paper. 

At some mills, however, as at the Horton Kirby Mills 
of Messrs. Spalding and Hodge, at South Darenth, for 
example, the cleaning of esparto' is admirably effected by 
means of a willow, or esparto-cleaner, constructed by 
Messrs. Masson, Scott, and Bertram, which entirely 
supersedes the system of "hand-picking. Having recently 
visited the mill referred to, we were enabled, through the 
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courtesy of Mr. Sydney Spalding, to witness the action of 
this willow, which appeared to perform its functions with 
perfect uniformity, and to clean the grass most effectually. 
The rationale of the operation of wiUowing esparto may 
be thus described : — 

Willowing Esparto. — A bale of the grass is unbound 
at a short distance from the machine, and the grass, 
which is in the form of small bundles or sheaves, tied 
with bands of the same material, is thrown by a woman 
on to a table or platform placed by the side of the 
willow,* and a second woman, standing near the hopper 
of the machine, takes the bimdles, a few at a time, and 
drops them into the hopper. The machine being in 
motion, in a few moments the grass, freed from its 
bands and dirty matters, appears in a perfectly loose con- 
dition at the wider end of the drum, and passes upward 
along a travelling-table to a room . above, in the floor of 
which are the man-holes of a series of esparto, boilers. 
During the passage of the loosened fibre, women standing 
on steps or platforms at the sides of the travelling-table are 
enabled to examine th^ material, and to remove any objec- 
tionable matters that may be present. Beneath the drum 
of the machine is a pipe, through which the dust and 
dirty matters are drawn away by means of a fan. 

Boiling Esparto. — In the boiling-room at the mill referred 
to is.a series of vertical stationary boilers, each about twenty 
feet high, and capable of hplding about three tons of grass. 
The man-holes of these boilers pass through the floor of a 
room above, being nearly level with it, into which the 
cleaned esparto is conveyed, as described, by the travelling- 
table of the willowing machine. In this poom is ^ series 
of . compartments in which the willow ed esparto is stored 
until required for boiling, when it is fed into the boilers 
by means of two-pronged forks provided for the purpose. 
The boiler being partially charged with caustic ley at 14° 
Twad., the esparto is introduced, and steam also, by which 
the esparto beeomes softened, and thus a larger quantity 
of the fibre can be charged into the vessel When the 
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full charge of ley and esparto have been introduced the 
head of the boiler is securely fixed by means of its bolts, 
and steam then turned on until a jiressure of about 20 lbs. 
to the square inch has been reached, which pressure is 
kept up for about threie hours, when the steam is shut off 
and the blow-off tap opened. When the steam is blown 




Fig. 16. 



off, the spent liquor is run off, and hot water then run. 
into the boiler, steam again turned on, and the boiling 
kept up for about twenty minutes to half an hour, at the 
end of which time the steam is shut off and the blow-pipe 
opened. As soon as the steam has blown off, the washing 
water is run off" by the bottom pipe, and the grass allowed 



SINCLAIR'S BOILER, 



43 



to drain as thorouglily as possible. A door at the lower 
end of the boiler is then opened, and the grass emptied 
into trucks and conveyed to the washing-engines. 

Sinclair's Esparto Boiler. — ^Another form of boiler, 
known as Sinclair's boiler, of the vertical cylindrical type, 
is shown in Figs. 15 and 16. It is confitmcted on what is 
termed the " vomiting" principle, but without the central 
vomiting-pipes generally used, and is fitted with one or 




Fig. 16. 

more vomiting-pipes close to the side, two diametrically 
opposite pipes being used by preference. Steam jet pipes, 
with upwardly-directed nozzles, are fitted into the vomit- 
ing-pipes at points a little above the bends, between the 
vertical and horizontal parts. The liquid ox ley thrown 
up the vomiting-pipes by the action of the steam is deli- 
vered from the upper ends of the pipes over a diaphragm 
or plate fixed near the top of the boiler, and the liquid is 
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retained at a certain depth on the diaphragm by a number 
of small tubes fixed in it, and the liquid becomes well 
heated by the steam before overflowing down the tubes, 
which tubes also serve to distribute it uniformly over the 
fibrous materials in the boiler. A casing is formed at the 
bottom of the boiler, and in some cases extended more or 
less up the sides, and is supplied with steam, which should 
be superheated, or of high pressure. With this arrange- 
ment the heat in the boiler is maintained without the 
excessive condensation of steam and consequent dilution 
and weakening of the liquors which occurs in ordinary 
boilers. Figs. 16 and 16 are horizontal and vertical sec- 
tions of one form of this boiler. The boiler is made with 
a vertical cylindrical shell, 1 ; with a flat top, 2 ; and flat 
bottom, 3;; and there is an inner or second bottom, 4 ; the 
space between it and the bottom, 3, being for steam to 
assist in heating the contents of the boiler. At a little 
distance above tne inner bottom, 4, there is the usual per- 
forated horizontal diaphragm, 5, down through which the 
liquid or ley drains from the fibre. Two diametrically 
opposite vertical vomiting-pipes, 6, are formed by the 
attachinent of curved plates to the cylindrical shell, 1, and 
these vomiting-pipes, 6, have their upper ends above a 
horizontal diaphragm, 7, attached by stays to the boiler 
top, 2. This diaphragm is perforated, and short tubes, 8, 
are fixed in the perforations so as to project upwards, by 
which arrangement the liquid, rising up the vomitingr 
pipes, 6, lies on the diaphragm to the depth of the tubes, 8, 
and overflows down through them all equally, so as to be 
uniformly distributed over the materials in the boiler. 
S.team jet nozzles, 9, are fitted in the lower parts of the 
vomiting-pipes, being supplied with steam by pipes, 10, 
from one of which a branch, 11, supplies steam to the 
double bottom, 3, 4. The steam jets cause the liquid to 
be drawn from under the perforated diaphragm, 5, and 
thrown up the pipes, 6, whereby a constant circulation of 
the liquid through the fibre is maintained. The liquors 
are drawn off by the pipe, 15. In another form of boiler 
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Mr. Sinclair employs vomit-pipes formed of thin steel 
plates riveted to opposite sides of the boiler, and the liquid 
which drains through the perforated double bottom is 
forced upward through the vomit-pipes to the perforated 
plates above, throtigh which it distributes over the mate- 
rial in fine jets. The boiler is capable of holding from 
2 to 3 tons of esparto, and under a pressure of from 40 to 
50 lbs. the boiling occupies about two hours. 

Boeckner's Boiler. — This boiler, of which an illustra- 
tion of two in series is given in Fig. 17, has been exten- 




Fig. 17. 

sively adopted by paper manufacturers. It will be noticed 
that the vomit-pipe a is placed outside the boiler, and the 
steam enters at the cock b, forcing the liquor uj> the 
vomit-pipe a and distributing it oyer the esparto. A 
pipe is used for heating the liquor by means of waste 
steam at the commencement of the operation. The grass 
is fed into the boiler at the opening p. At e e are gauges 
for showing the height of the liquor in the boiler: f f f 
are pipes for the supply of steam, strong ley, and water, 
and the door g is for the discharge of the boiled grass. 
Each boiler is capable of holding 3 tons of esparto, and 
the boiling is completed in about two and a half hours, at 






46 TREATMENT. OF ESPARTO. 

a pressure of from 35 to 40 lbs. per square incli. It Is 
said that the boiler effects a saving both in time and the 
amount of soda used. 

Mallary's Process. — By this process the inventor says 
that he obtains the fibre in greater length, and gets rid of 
the gummy and resinous matters in a more economical 
way than by the present system. The materials used 
form a species of soap, with which and with the addition 
of water, the esparto is boiled. To carry out his process, 
he places in a boiler a suitable quantity of water, to wtich 
caustic soda, or a ley of the required strength to suit the 
nature of the fibre, is added ;. magnesite, or carbonate of 
magnesia, in the proportion of about 2 per cent, of the 
fibrous material^ or a solution of sulphate of magnesia, is 
then added and mixed with the ley. He next adds " an 
improved saponaceous compound " to produce the required 
result, and when the boiling is completed, the stuff is 
treated as ordinary stock, to be applied for paper-making 
or other uses. The proportions are as follows : — 2 gallons 
of petroleum or its products, 1 gallon of mustard oil, 10 to 
15 lbs.- of caustic soda, and 1 per cent, of boracic acid. 
These are placed in a copper and heated for 1 to 2 hours, 
until properly saponified. From 3 to 6 gallons of the 
" saponaceous compound '' are added to the ley and mag- 
nesite, previously placed in the boiler with the fibre, and 
the boifing is kept up for the usual length of time, when 
the fibre will be found " beautifully sojt, and the greater 
portion of the* gum, silica, and resinous matters removed, 
or so softened as to be no hindrance to the perfect separa- 
tion of the fibres, whilst the strength, silkiness, and soft- 
ness are preserved in all . their natural integrity.'' Con- 
sidering that caustic soda ley " of the required strength " 
forms an essential part of this process, we should imagine 
that the auxiliaries mentioned would scarcely be necessary. 

Carbonell's Process. — In this process,* devised by M. 
Carbonell, of Paris, 200 lbs, of raw esparto are placed in a 
wooden vat furnished with a perforated steam-pipe, 20 lbs. 
of soda and 30 lbs. of quicklime being mixed with 'it: 
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the vat is, then supplied with cold water until the esparto 
is completely covered. Steam is then turned on, and Jhe 
materials boiled for 4 hours. The spent liquor is then 
drained off, and the esparto submitted to hydraulic pres- 
sure. It is afterwards washed and broken in a ra§ engi^ie, 
and in about 15 minutes is reduced to half -stuff. 20 lbs. 
of chloride of lime dissolved iu water are then introduced, 
and the cylinder kept in motion as usual. In another 
vessel, lined with lead, 1^ lb. of sulphuric acid is dissolved 
in 3 lbs. of water, and this gradually. added to the pulp, 
which immediately assumes a reddish colour ; but in the 
course of about . three quarters of an hour it becomes 
perfectly white, when the pulp is ready for. the paper- 
maker. 

In the boiling of esparto, several important points have 
1p be considered. The kind of esparto to be treated is the 
first consideration, since this grass differs materially in 
character in the different countries from which it is im- 
ported. ' Spanish esparto is considered the best for paper- 
making, as it is stronger in fibre and yields a whiter pulp 
than" other varieties. Of the African espartos there are 
several varieties, which are known respectively as Oran, 
Tripoli, Sfax, Gabes, and Susa. Of these, the first-named 
(Algerian- esparto) is held in highest estimation amongst 
paper-makers, since it more closely resembles Spanish 
esparto than the other vB.rieties, though not so hard and 
stiff as the latter. These grasses usually have a length of 
about 10 to 12 inches. Tripoli esparto has an entirely 
different growth, being sometimes as long as 2^ or 3 feet, 
and proportionately stouter, and is also softer than Oran 
esparto, which is not so hard as the Spanish variety. 
Tripoli esparto does not yield a strong paper by itself, but 
in conjimction with Oran esparto gives more favourable 
results. Sfax and Gabes espartos have a closer resem- 
. blance to Oran than Tripoli, but are not- so strong as 
Oran, being greei; and spongy, and not so dry as the 
latter variety. Susa esparto of good quality is said to 
equal Oran, but not to yield so high a percentage of fibre. 
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The next important consideration is to determine the 
percentage of caustic alkali which should be used per 
hundredweight of the particular variety of esparto to be 
treated, and we cannot do better than give the following 
proportions recommended by Mr. Dunbar. 

Fine Spanish . 18 to 20 lbs. of 70 per cent, caustic soda per cwt. 

Medium Spanish 16 to 18 
Fine Oran . . 18 

Medium Oran . 16 to 17 



Susa .... 18 

Tripoli . . . 19 to 20 
Sfax . . . . 20 to 21 
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Mr. Dunbar says that the above figures " insure a first- 
class boil, with the steam pressure of 25 lbs. and not 
exceeding 30 lbs., but are liable to alteration according 
to circumstances — such as the form of boilers, quality of 
the water for boiling purposes, and steam facilities, which 
ought at all times to be steady- and uniform to get the 
absolute regidarity required.^' 

Respecting the strength of caustic ley used for boiling 
esparto, as indicated by Twaddell's hydrometer, this 
appears to range from 7° to 15°, some preferring to boil 
with stronger liquors than others. The time occupied in 
boiling also varies at difierent mills, and depends greatly 
upon the character of the boiler used. We are informed 
that a Sinclair boiler will turn out, on an average, three 
boils in twenty-four hours, including filling, boiling, dis- 
charging, &c.,'tlie boiKng occupying about four hours for 
each batch of grass. 

The boiling being completed, the liquor is run ofE into 
tanks, to be afterwards treated for the recovery of the 
soda, and the esparto is then subjected to a second boiling 
with water only for about 20 minutes. The Kquor from 
the second boiling is sometimes thrown away, even whpn 
the soda from the first liquor is recovered ; but a more 
economical method is to use this liquor, in lieu of water, 
strengthened with soda for a first boiling ; or to mix it 
with the first liquors and evaporate the whole together. 
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The second boiling being finisbed, tbe steam is turned off, 
and water then run in and steam again turned on for a 
short time, and the water then run ofE and the esparto 
allowed to drain thoroughly. The boiled grass is then 
discharged into trucks which convey it to the washing 
engines. 

The liquor resulting from the boiling of esparto, which 
is of a dark brown colour, contains nearly all the soda 
originally used, but it also contains silicious, resinous, and 
other vegetable matters which it has dissolved out of the 
grass, the silica taking the form of silicate of soda. The 
esparto * liquor, which was formerly allowed to run to 
waste, polluting our rivers to a serious extent, is now 
treated by several ingenious methods for the recovery of 
the soda with considerable advantage alike to the manu- 
facturer and the public. The process consists essentially 
in boiling down the liquor to dryness, and incinerating 
the residue. During the process of incineration the car- 
bonaceous matter extracted from the grass is converted 
into carbonic acid, which, combiniug with the soda, re- 
converts it into carbonate of soda, which is afterwards 
causticised with lime in the usual way, and the caustic 
soda thus obtained is again used in the boiling of esparto. 
Although one or other of the ** recovery'' processes is 
adopted at a good many of our paper-mills, the recovery 
of the soda is by no means universal as yet, but the time 
will doubtless soon arrive when the economical advan- 
tages of the process will be fully recognised. Indeed, we 
know it to be the fact that some manufacturers are 
watching, with keen interest, the progress of some of the 
newer systems of soda recovery, with the full intention 
eventually of adopting one or other of them. 

Washing Boiled Esparto. — This operation is usually 
performed in engines similar to those used in washiug 
rags, but in some mills the boiled grass is washed in a 
series of tanks, so arranged that water flows in at one 
end of the series, thence passing in succession through 
each batch of grass in the other tanks, and finally issues 
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at the farthest end of the series as a very concentrated 
liquor. By this arrangement there is great economy of 
water, while at the same time no loss of fibre occurs. 
The concentrated washing liquors thus obtained may be 
evaporated, and the alkali recovered, which would be an 
undoubted saving, since these liquors obtained in the 
ordinary way by washiag in the boilers are generally 
run ofE as waste. The engines used for washing esparto 
and converting it into half-stufE are generally of large 
size, arid capable of treating a ton of boiled esparto. In 
this engine,. however, there is no bed-plate, as the action 
of the roll alone is sufficien;t to reduce the boiled and 
softened esparto to half- stuff. A drum-washer is also 
furnished to the engine, which carries off the dirty wash- 
ing water, while an equivalent proportion of clean water 
is kept constantly running into the engine from an 
elbowed pipe at its end. In charging the washing-engine, 
it is first about three parts filled with water, when the 
washing cylinder is lowered, and the esparto is then put 
in, care being taken not to introduce more of the material 
than will work freely under the action of the roll ; if the 
mass be too stiff, portions of the material may be imper- 
fectly, washed. While the washing is in progress, the 
workman, armed with a wooden paddle, constantly stirs 
the esparto, clearing it away from the sides of the engine, 
so that none of the material may escape a perfect washing. 
At the bottom of* the engine is a " sand-trap," covered 
with perforated zinc, through which any sand or other 
solid particles which may be present escape. When the 
washing is complete, the fresh water supply is shut off, 
and the drum-washer allowed to run until enough water 
has been removed to make room for the bleaching liquor. 

Young's Process. — ^By this process the boiled and 
strained esparto is passed through elastic covered rollers, 
so adjusted as to split up and squeeze out the dissolved 
matters or liquid from the fibres, thus leaving them clean 
and open for the access of the bleaching liquor. 

Bleaching the Esparto. — It is usual to bleach esparto 
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in the washing engine, for which purpose a tank of bleach- 
ing liquor of the required strength (about 6° T.. for 
Spanish) is placed close to the engine, which is provided 
with a pipe leading to the engine and another pipe pro- 
ceeding from the tank in which the bleaching liquor is 
stored. The supply tank is furnished inside with a gauge, 
divided into inches — each inch representing so many 
gallons of liquor — ^by means of which the workman is 
enabled to regidate the quantity of bleaching liquor he is 
instructed by the manager or foreman to introduce into 
the engine. About half an hour after the bleach has 
become well incorporated with the fibre, sulphuric acid 
in the proportion of six ounces of the acid (which must be 
well diluted with water) to each hundredweight of the 
fibre. The dilute acid should be added gradually, and 
the proportions given must not be exceeded. The bleach- 
ing being completed, the half -stuff is next treated in a 
machine termed the presse-pdte, which not only cleanses 
the material from sand and dirt, but also separates all 
knots and other imperfections from the fibre in a most 
effectual and economical manner. Indeed, we were much 
struck with the excellent working of this machine at 
Messrs. Spalding and Hodge's mill, at South Darenth, 
and the remarkably fine quality of the finished pulp 
obtained through its agency. The presse-pate was 
formerly used in the preparation of pulp from straw, but 
its advantages in the treatment of esparto are now fully 
recognised. The apparatus and method of working it 
may be thus briefly described : — 

The machine is on the principle of the wet end of a 
paper machine, and consists of several stone chests for 
holding the bleached half-stuff, in which are fitted agita- 
tors to keep the stuff in suitable condition. From these 
chests the stuff is pumped into a mi:^g box, and from 
thence over a series of sand traps made of wood, and with 
slips of wood fixed in the bottom, in which any sand 
present is retained. The stuff then passes into a series of 
strainers, which, while allowing the clean fibre to pass 
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through, retain all impurities, siich as knots, &c., and the 
clean stuff is allowed to flow on to the wire-cloth in such a 
quantity as to form a thick web of pulp. A greater 
portion of the water escapes through the wire-cloth, but a 
further portion is removed by the passage of the pulp 
across two vacuum boxes, connected with four powerful 
vacuum pumps, which renders the half -stuff sufficiently 
dry to handle ; but to render it still more so, it now passes 
between couch rolls, and is either run into webs, or, as 
is sometimes the case, it is discharged into boxes, the 
web of pulp thus treated being about an inch in thick- 
ness. 
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CHAPTER VI. 

TREATMmT OF WOOD, 

Chemical Processes. — ^Watt and Burgess's Process. — Sinclair's Process. — 
Keegan's Process. — ^American Wood Pulp System. — Aussedat's Pro- 
cess. — Acid Treatment of Wood. — Pictet and Brelaz*s Process. — 
Barre and Blondel's Process. — Poncharac's Process. — Young and 
Pettigrew'g Process. — Fridet and Matussi^re's Process. 

The advantages of wood fibre as a paper material have 
been fully recognised in the United States and in many- 
Continental countries, but more especially in Norway, 
Sweden, and Germany, from whence large quantities of 
wood pulp are imported into this country; There is no 
doubt that our home manufacturers have recently paid 
much attention to this material, and it is highly probable 
that wood, as an inexhaustibl^fjisource of useful fibre, will 
at no distant date hold a foremost rank. Indeed, the very 
numerous processes which have been patented since the 
Watt process was first made known, indicate that from this 
unlimited source of fibre the requirements of the paper- 
maker may be to a large extent satisfied, provided, of 
course, that the processes for reducing the various suitable 
woods to the condition of pulp can be economically and 
satisfactorily effected. The great attention which this 
material has received at the hands of the experimentalist 
and chemist — the terms not being always synonymous — 
shows that the field is considered an important one, as in- 
deed it is, and if successfully explored will, it is to be 
hoped, yield commensurate advantages both to inventors 
and the trade. 

The object of the numerous inventors who have devised 
processes for the disintegration of wood fibre — that is, the 
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separation of cellulose' from the mtercelliilar matters in 
which the fibres are enveloped— has necessarily been to 
dissolve out the latter without injury to the cellulose itself, 
but it may be said that as yet the object has not been fully 
attained by either of the processes which have been intro- 
duced. To remove the cellular matter from the true fibre 
or cellulose, without degrading or sacrificing a portion of 
the latter, is by no means easy of accomplishment when 
practised on an extensive scale, and many processes which 
present apparent advantages in one direction are often 
found to exhibit contrary results in another. The field, 
however, is still an open one, and human ingenuity may 
yet discover methods of separating wood fibre from its 
surrounding tissues in a still more perfect manner than 
hitherto. 

The various processes for treating wood for the extraction 
of its fibre have been classified into : (1) chemical processes ; 
and (2) mechanical processes. We will give precedence to 
the former in describing the various wood pulp processes, 
since the pulp produced by the latter, although extensively 
used, is chiefly employed, in combination with other pulps, 
for common kinds of paper. In reference to this part of 
our subject Davis says : — " Experience has dictated certain 
improvements in some of the details of those earUer 
methods, by which so-called ' chemical wood pulp ' is 
manufactured very largely on the Continent of Europe. 
.... It is possible to obtain a pulp of good quality, suit- 
able for some classes of paper, by boiling the chipped wood 
in caustic soda, but when it is desired to use the pulp so 
prepared for papers having a perfectly white colour it has 
been demonstrated in practice that the action of the caustic 
soda solution at the high temperature which is requiried 
develops results to a certain degree in weakening and 
browning the fibres, and during the past five years touch 
labour has been expended in the endeavour to overcome 
the objections named. Ihe outcome of these efforts has 
been a number of patents, having for their object to pre- 
vent oxidation and subsequent weakening of the fibres." 
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In several of these patents, to whieli we shall refer here- 
after, bisulphite of lime is employed as the agent to pre- 
vent oxidation and consequent degradation of the fibres, 
and in other processes bisulphite of magnesia has been 
used for the same purpose. Davis further remarks : 
" Although a common principle runs through all these 
methods of preparing cellulose from' wood, they differ in 
detail, as in the construction of the digesters employed, 
methods of treating the wood stock before boiling it in 
the sulphurous acid solution, and also as regards pressure, 
blowing o£E the sulphurous acid gas, etc., but all these pro- 
cesses present a striking similarity to the method patented 
by Tilghmann in 1867." There can be no doubt that the 
action of caustic soda, under high pressures, is highly in- 
jurious both to the colour and strength of the fibres, and 
any process that will check this destructive action in a 
thoroughly practical way will effect an important desi- 
deratum. 

I. Chemical Processes : Watt and Burgess's Process. — 
This process, which, with some modifications, is extensively 
worked in America, consists in boiling wood shavings, 
or other similar vegetable matter, in caustic soda ley, and 
then washing to retoove the alkali ; the wood is next 
treated with chlorine gas, or an oxygeneous compound of 
chlorine, in a suitable vessel, and it is afterwards washed 
to free it from the hydrochloric acid formed. It is now 
treated with a small quantity of caustic soda in solution, 
which instantly converts it into pulp, which only requires 
to be washed and bleached, and beaten for an hour and a 
half in the beating engine, when the pulp is ready for the 
machine. The wood-paper process as carried out in 
America has been described by Hofmann, from whose work* 
we have abridged the following : — 

The wood, mostly poplar, is brought to the works in 
5-feet lengths. The bark having been stripped ofp by 
hand, it is cut into ^-inch slices by a cutter which consists 

• " Practical Treatise on the Manufacture of Paper." By Carl Hof- 
mann, Philadelphia, 1873. 
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of four steel knives, from 8 to 10 inches wide by 12 to 15 
inches long, which are fastened in a slightly inclined posi- 
tion to a solid cast-iron disc of about 5 to 7 feet diameter, 
which revolves at a high speed, chopping the wood — ^which 
is fed .to the blades through a trough — into thin slices 
across the grain. The trough must be large enough to 
receive the logs, usually 10 or 12 inches thick, and it is 
set at such an angle that the logs may slide down towards 
the revolving cutters ; this slanting position only assists 
the movement of the logs, while a piston, which is pro- 
pelled by a rack^ pushes them steadily forward until they 
are entirely cut up. The piston, or pusher , then returns to 
its original position, fresh wood is put into the trough, and 
the operation repeated. In this way many tons of wood 
can be chopped up by one of these cutters in a day. The 
sliced wood is conveyed by trucks to an elevator by which 
it is hoisted up two storeys to a floor from which the boilers 
are filled. The boilers are upright cylinders, about 5 feet 
in diameter and 16 feet high, with semi-spherical ends, 
provided inside with straight perforated diaphragms, be- 
tween which the chips from one cord of wood are confined. 
A solution of caustic soda, at 12° B., is introduced with 
the chips, and fires are started in a furnace under- 
neath. At other works the boilers are heated by steam 
circulating through a jacket which covers the bottom and 
sides of the boiler. 

The boiling is continued for about six hours, when the 
digestion is complete, and the contents of the boilers are 
emptied with violence, under the pressure of at least 65 lbs. 
of steam, which had been maintained inside. A large sKde 
valve is attached to the side of each boiler for this purposfe 
close to the perforated diaphragm, and connected by a 
capacious pipe with a sheet-iron cylinder of about 12 feet 
diameter and 10 feet high, which receives the contents- 
pulp, liquor, and steam. The object of these large cham- 
bers—one of which serves for two boilers — is to break the 
force of the discharging mass. The steam passes through 
a pipe on the top of each, and from thence through a 
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water reservoir, while the liquid containing the pulp flows 
through a side opening and short pipe into movable boxes, 
or drainers, mounted on wheels, and each capable of hold- 
ing the contents of one boiler; these boxes are pushed 
along a tramway up to the collecting chambers, where the 
pulp is received. In a building 132 feet long and 75 feet 
wide, ten digesting boilers are arranged in one straight 
line, and parallel with the boilers runs the.main line of 
rails, side tracks extending from it to each of the chambers, 
and a turn-table is supplied at every junction. By this 
arrangement the drainer waggons can be pushed from the 
side tracks on to the main line, which leads to the washing- 
engines in an adjoining room. A system of drainage is 
established below the tramways, by which aU the liquid 
which drains from the waggons is carried away and col- 
lected for treatment by evaporation ; these carriers remain 
on the side tracks until the pulp is ready for the washing- 
engine. 

When the greater portion of the liquor, has drained 
ofE, warm water is sprinkled over the pulp from a hose 
for the purpose of extracting all the liquid which is suffi- 
ciently concentrated to repay the cost of evaporation — 
the most advantageous method of recovering the soda. 
The contents of the waggons — ^from the same number of 
boilers — are then placed in two washing-engines, each 
capable of holding 1,000 lbs. of pulp. After being suffi- 
ciently worked in these engines the pulp is transferred to 
two stuff-chests, and from thence conveyed by pumps to 
two wet-machines. The screens (strainers) of the wet- 
machines retain all impurities derived from knots, bark, 
and other sources, and the pulp, or half-stuff, obtained 
is perfectly clean and of a light grey colour. The pulp ip 
, bleached with solution of bleaching powder like rags, then 
emptied into drainers and allowed to remain therein with 
the liquid for twenty-four to forty-eight hours, or long 
enough to render the use of vitriol in the bleaching un- 
necessary. The portion of the white pulp which is to be 
worked up into paper in the adjoining mill is taken from 
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the drainers into boxes running on tramways in the moist 
state, but all the pulp which has to be shipped to a dis- 
tance is made into rolls on a large cylinder paper-machine 
with many dryers. The object being merely to dry the 
pulp, a very heavy web can be obtained, since the water 
leaves this pulp very freely. The wood pulp thus obtained . 
is perfectly clean, of a soft, white spongy fibre, and a 
greater portion of it is mixed with a small proportion of 
rag pulp and worked into book and fine printing papers. 
Sometimes the wood pulp is used alone or mixed with 
white paper shavings for book paper. The fibres are 
rather deficient in strength, but as a material for blotting 
paper they are said to be unsurpassed, while the. wood 
paper is much liked by printers. 

The wood from poplar, which is generally preferred, 
furnishes a very white fibre, and is easily <£gested, but 
since the fibres are short it is sometimes found advan- 
tageous to mix them with longer fibres, as those of the 
spruce or pine, although the latter wood requires a mucJi 
more severe treatment in boiling with alkali than the 
former. In reference to this process the following re- . . 
marks appeared in The Chemist,^ 1855 : — ** The process 
occupies only a few hours ; in fact, a piece of wood may 
be converted into paper and printed upon within twenty- 
four hours." An interesting verification of this was 
published a few years since in an American paper, the 
Southern Trade Gazette, of Kentucky, which runs as fol- 
lows : — " At a wood-pulp mill at Augusta, Ga., a tree was 
cut down in the forest at six o'clock a.m., was made into 
pulp, and then into paper, at six o'clock in the evening, 
and distributed amongst the people as a newspaper by six 
o'clock the next morning. From a tree to a newspaper," 
being read by thousands, in the brief round of twenty-four 
hours ! " The wood-paper process referred tO has given 
rise to many sub^^equent modifications, some of which we 
will briefly describe. 

Sinclair's Process. — The wood is first cut into pieces 

* The Chemist, Edited by Charles and John Watt, p. 652 ; 1865. 
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about 1 inci broad, ^tb incb tbick, and from 2 to 3 incbes 
long. It is tben placed in a boiler and a solution of caus- 
tic soda, in tbe proportions of 600 gallons to 10 cwts. of 
dry wood, is poured over it. Tbe boiler baving been se- 
curely closed, tbe beat is raised till a pressure of 180 to 
200 lbs. on tbe square incb is obtained, wben tbe fire is 
witbdrawn alnd tbe boiler allowed to cool, after wbicb tbe ley 
is blown off, tbe top door removed, and tbe contents scalded. 
Tbe discbarge door is now opened and tbe pulp transferred 
to a poacbing-engine to be wasbed witb pure water, wben 
tbe resin, &c., are easily removed and tbe clean fibres ob- 
tained, wbicb, it is said, are longer and firmer tban tbose 
obtained by otber metbods. 

Keegan'8 Process. — By tbis metbod soft deal or pine is 
sawn up into pieces from 6 to 12 incbes long and \ incb 
tbiqk, it being preferable tbat aU tbe pieces sbould be of 
an equal size, but tbe smaller tbey are tbe more rapid, of 
course, will be tbe operation. Tbe pieces of timber are 
placed in a cylindrical boiler, turning upon a borizontal 
axis wbile tbe digestion is progressing. In a second 
boiler is prepared a solution of caustic soda of about 
20° B. (specific gravity 1"161), wbicb is introduced 
tbrougb a pipe into tbe first boiler, tbis being afterwards 
bermetically closed, and tbe soda is forced into tbe pores 
of tbe wood by means of a pump. Wben tbe wood is not 
more tban balf an incb in tbickness a pressure of 50 lbs. 
on tbe square incb is sufficient, and tbe injection of tbe 
caustic soda solution is completed in balf an bour. Tbe 
superabimdant liquor is pumped back into tbe second 
boiler for tbe next operation. Tbe excess of liquor 
baving been removed from tbe wood as stated, steam is 
introduced between tbe double sides of tbe first boiler, and 
tbe temperature of tbe wood raised from 150° to 190° C. 
(334° to 438° F.). Tbe wood is next wasbed in tbe, 
usual way until tbe liquor runs off perfectly limpid, and 
tbe balf-stuff tbus produced may be converted into pulp 
eitber before or after bleacbin^, according to tbe quality 
and colour of tbe paper to be produced. 
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American Wood-Fnlp System. — Another method of 
carrying out the wood-pulp process has recently been de- 
scribed by Mr. E. A. Congdon, Ph.B.,* from which we 
extract the following : — " Poplar, pine, spruce, and occa- 
sionally birch, are used in the manufacture of chemical 
fibre. Pine and spruce give a longer and tougher fibre 
than poplar and birch, but are so;newhat harder to treat, 
requiring more soda and bleach. Sticks of poplar, freed 
from bark, and cleansed from incrusting matter and dirt, 
are reduced to chips by a special machine having a heavy 
iron revolving disc set with knives, and are then blown by 
means of a Sturtevant blower into large stove chambers after 
passing over a set of sieves having IJ-inch for the coarse 
and 1 J -inch mesh for the fine sieves, from whence they 
pass to the digesters, which are upright .boilers 7 by 
27 feet, with a manhole at the top for charging the chips 
and liquor, and a blow-valve at the bottom for the exit of 
the boiled wood. A steam-pipe enters at the bottom, be- 
neath a perforated diaphragm, and keeps the liquor in per- 
fect circulation during the boiling of the wood by means 
of a steam-ejiector of special construction." 

Boiling. — The average charge of wood for each digester 
is 4'33 cords, t giving an average yield of 4,140 lbs. of 
finished fibre per digester. A charge of 3,400 gallons 
of caustic soda solution of 11° B. is given to each digester 
charged with chips, and the manhead is then placed 
in position and steam turned on. Charging the digester 
occupies from thirty to forty-five minutes, and steam 
is introduced until the gauge indicates a pressure of 
110 lbs., which occupies about three hours. . This pres- 
sure is kept up for seven hours, when it is reduced by 
allowing the steam to escape into a large iron tank which 
acts as a separating chamber for the spent liquor it carries, 
the steam entering in at one end and passing out at the 
other through a large pipe, the liquor remaining in the 

• School of Mines Quarterly, a Journal of Applied Science, Jan., 1889. 
t The cord is a pile containing 128. cubic feet, or a pile 8 feet long, 
4 feet high, and 4 feet broad. 
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tank. The steam is allowed to escape until the pressure 
is reduced to 45 lbs., when the. digester is blown. The 
blow-cap being removed, the blow- valve is raised and the 
contents of the digester are discharged into a pan of iron 
covered with a suitable hood. The contents strike against 
a dash-plate placed midway in the pan, which thoroughly 
separates the fibres of the wood. The time occupied in the 
foregoing operations is from eleven to eleven an(J a half 
hours. It takes from nine to ten hours to free the pans 
from alkali, when they are removed to washing- tanks with 
perforated metal bottoms, where the material receives a 
final washing before being bleached. 

Washing, — ^Each of the three digesters has a pan into 
which its contents -are discharged, and there are also four 
iron tanks used for holding the liquors of various strengths 
obtained from the cleansing of the pulp and a fifth tank 
is kept as the separating-tank before mentioned. When 
the digester is blown, the pulp is levelled down with a 
shovel, and the liquor from the separating-tank is allowed 
to flow into it. The contents of the next strongest pan 
are pumped upon it, while at the same time the strongest 
store tank flows into this pan. This flowing from the tank 
to the pan, pumping from here to the pan just blown, and 
from there to the evaporators, is kept up until the liquor 
is not weaker than 6°B. hot (130° F.). The second pan 
is now down to 4° B. hot, and the process of " pumping 
back" is commenced. The two weakest tanks are put 
upon this pan and pumped out of the bottom of it into the 
two tanks in which are kept the strongest liquors. The 
two weak tanks have been filled in the process of complet- 
ing the cleansing of the third pan (the weakest) on which 
water was pumped until the last weak tank stood at only 
^° B. This pan, now cleaned, is hosed and pumped over 
to the washing tanks. A fresh blow is now made in 
this pan, and the same treatment kept up as with the 
first pan. 

The foregoing system is thus illustrated by Mr. 
Congdon : — 
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Pan A. — Just blown. 
„ B. — Partly cleaned. 
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C— Almost cleaned. 



Tank.l.— 3F B. hot. 

3.— r 
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Separating tank, strong. 

A is levelled down ; contents of separating-tank allowed 
to flow upon it ; b is pumped on to a ; at the same time 
liquor from the two strong store tanks is put on it (b), and 
this continued to be sent from a to the evaporator until it 
is now weaker than 4^ B. hot ; the process of " pumping 
back '* is then commenced. The two weakest are allowed 
in succession to flow on to it, and the liquor purified from 
the bottom of b into the two strong tanks, filling No. 1, 
the stronger, before No. 2. The weakest are filled in the 
process of completing the cleansing of c, on which water 
is pumped until the last tank from it tests only i° B. c is 
now hosed and pumped over to the washing tanks. A 
fresh digester is blown in c, and the process repeated as 
with A. 

The above system has been modified by having an 
extra pan into which the liquor from the last pan blown * 
(after sending to the evaporators until down to 6° hot, and 
bringing down to 4° hot, by the stored liquor) is pumped. 
When the strength is reduced to 4° the pumping is 
stopped. The liquor from this pan is put in the next pan 
blown, after the liquor from the separating-tank has been 
put upon it, whereby an economy in time is efEected. 
.. The pulp, after being partially cleaned in the pans, 
still contains an appreciable quantity of soda. It is hosed 
over to the washing-tanks and receives a final washing 
with hot water. When the pulp is thoroughly free from 
alkali, and the water flowing from under the tank is 
colourless, the contents are hosed down by hot water into 
the bleaching-tanks. The superfluous water is removed 
by revolving washers, and about 1,000 gallons of a solu- 
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tion of chloride of lime at 4° B. are then introduced, and 
the contents agitated as usual. The bleaching occupies 
about six or seven hours, when the pulp is pumped into 
draining tanks, where it is left to drain down hard, the 
spent bleach flowing away. The stock is then hosed and 
pumped into a washing-tank, where it acquires the proper 
consistency for the machine. From here it is pumped into 
the stuff chest, whence it goes over a set of screens and on 
to the machine, from which the finished fibre is run off on 
spindles. The rolls are made of a convenient size to 
handle, averaging about 100 lbs. each. The fibre is dried 
on the machine by passing over a series of iron cylinders 
heated by. steam. The finished product is a heavy white 
sheet, somewhat resembling blotting paper. The whole 
of the foregoing operations are stated to occupy forty-five 
hours. 

Aussedat'8 Process. — By this method the wood is disr 
integrated by the action of jets of vapour. In one end of 
a cylindrical high-pressure boiler, about 4J feet in. diame- 
ter and 10 feet high, is fixed a false bottom, whereby the 
wood placed upon it may be removed from the liquor result- 
ing from steam condensed in the chamber, the whole being 
moimted on lateral bearings which serve for .the introduc- 
tion of the vapour, and the wood is fed through a manhole 
at the upper end of the boiler. Taps are fixed at the 
upper and Ipwer ends for the liquid and uncondensed 
vapour. The wood having been placed in the boiler, the 
jet is gradually turned on in such a way that at the end of 
three or four hours the temperature becomes about 150° C, 
the pressure being about five atmospheres, which point is 
maintained for an hour. As the slightest contact between 
the wood and the condensed water would at once discolour 
the former, it is essential that the liquid be remoVed from 
time to time by one of the outlets provided for the pur- 
pose. 

The treatment above described is said to be suitable for 
all kinds of wood, and although it is the usual practice to 
introduce it in logs about a yard long, any waste wood, as 
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chips, shavings, etc., may be used. It is preferable, though 
not necessary, to remove the bark, but all rotten wood 
may be left, as it becomes removed in the condensed water. 
The logs, after the above treatment, by which the fibre is 
disintegrated and the sap and all matters of a gummy or 
resinous nature are removed, are afterwards cut up by any 
suitable means into discs of about an inch, according to 
the nature of the fibre required. These are then intro- 
duced into a breaker, in which they become converted into . 
half-stuff, which, after being mixed with a suitable quan- 
tity of water is passed through mills provided with conical 
stones, in which it becomes reduced to whole-stuff. The 
pulp thus prepared is principally used in the manufacture 
of the best kinds of cardboard, but more particularly such 
as is used by artists, since its light brownish shade is said 
to improve the tone of the colours. Bourdillat says that 
in the above process the vapour has a chemical as well as 
a :qaechanical action, for in addition to the vapour travers- 
ing the cellular tissues of the wood and dissolving a con- 
siderable portion of the cell-constituents, acetic acid is 
liberated by the heat, which assists the vapour in its action 
on the internal substance of the wood. 

Acid Treatment of Wood. — ^A series of processes have - 
been introduced from time to time, the object of which is 
to effect the disintegration of wood fibre by the action of 
acids. The first of these " acid processes" was devised by 
Tilghmann in 1866, in which he employed a solution of 
sulphurous acid ; the process does not appear to have been 
successful, however, and was subsequently abandoned, the 
same inventor having found that certain acid sulphites 
could be used more advantageously. Other processes have 
since been introduced, in which wood is treated in a direct 
way by the action of strong oxidising acids, as nitric and * 
nitro-hydrochloric acids, by which the intercellular matters 
of the wood become dissolved and the cellulose left in a 
fibrous condition. 

Fictet and Br^laz's Process. — By this process wood is 
subjected to the action of a vacuum, and also to that of a 
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supersaturated solution of sulphurous acid at a tempera- 
ture not exceeding 212° F. In carrying out the process a 
solution of sulphurous acid is used, consisting of, say from 
■J- to J lb. avoirdupois of sulphurous acid to each quart of 
water, and employed imder a pressure of from three to six 
atmospheres at 212° F. Under these conditions the 
cementing substances of the wood '* retain their chemical 
character without a trace of decomposition of a nature to 
»how carbonisation, while the liquor completely permeates 
the wood and dissolves out all the cementing constituents 
that envelop the fibres." In carrying out the process 
practically, the wood is first cut into small pieces as usual 
and charged into a digester of such strength as will resist 
the necessary pressure, the interior of which must be lined 
with lead. Water is then admitted into the vessel and 
afterwards sulphurous acid, from a suitable receiver in 
which it is stored in a liquid form imtil the proportion of 
acid has reached that before named, that is, from 100 to 160 
quarts of the acid to 1,000 quarts of water. The volume 
of the bath will be determined by the absorbing capacity 
of the wood, and is preferably so regulated as not to mate- 
rially exceed that capacity. In practice it is preferable to 
form a partial vacuum in the digester, by which the pores 
of the wood are opened, when it will be in a condition to 
more readily absorb the solution and thereby accelerate the 
process of disintegration. When disintegration is effected, 
which generally occurs in from twelve to twenty-four 
hours, according to the nature of the wood under treat- 
ment, the liquor, which is usujally not quite spent in one 
operation, is transferred to another digester, a suflScient 
quantity of water and acid being added to complete the 
charge. In order to remove the liquor absorbed by the 
wood, the latter is compressed, the digester being connec- 
ted with a gas-receiver, into which the free gas escapes and 
in which it is collected for use again in subsequent opera- 
tions. The bath is heated and kept at a temperature of 
from 177° to 194° F. by means of a coil in the digester 
supplied with steatm from a suitable generator. The wood, 
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after disintegration, undergoes the usual treatment to con- 
vert it into paper pulp, and may thus be readily bleached 
by means of chloride of lime. The imaltered by-products 
contained in the bath may be recovered and treated for use 
in the arts by well-known methods. 

Barre and Blondel's Process consists in digesting -the 
wood for twenty-four hours in 50 per cent, nitric acid, 
used cold, by which it is converted into a soft fibrous 
mass. This is next boiled for some liours in w^,ter and 
afterwards in a solution of carbonate of soda ; it is then 
bleached in the usual way. 

Foncliarao's Process. — In this process cold nitro-hydro- 
chloric acid (aqua regia) is employed for disintegrating 
wood in the proportions of 94 parts of the latter to 6 parts 
of nitric acid, the mixture being made in earthen vessels 
capable of holding 175 gallons. The wood is allowed to 
soak in the acid mixture for six to twelve hours. 132 lbs, 
of aqua regia are required for 220 lbs. of wood. When it 
is desired to operate with a hot liquid, 6 parts of hydro- 
chloric acid, 4 parts of nitric acid^ and 240 parts of water 
are used in granite tubs provided with a double bottom, 
and it is heated by steam for twelve hours and then 
washed and crushed. 

Toung and Pettigrew's Process. — These inventors use 
either nitric or nitrous acids, and the acid fumes which 
are liberated are condensed and reconverted into nitric 
acid. 

Fridet and MatussiSre's Process. — This process, which 
was patented in France in 1865, consists in treating wood 
with nitro -hydrochloric acid, for which purpose a mixture 
of 5 to 40 per i^ent. of nitric acid and 60 to 95 per cent, 
of hydrochloric acid is used, which destroys all the ligne- 
ous or intercellular matter without attacking the cellulose. 
After the wood (or straw) has been steeped in the acid 
mixture, the superfluity is drawn off, and the remaining 
solid portion is ground under vertically revolving mill- 
stones. The brownish-coloured pulp thus obtained is 
afterwards washed and bleached in the usual way. 
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It is quite true that cellulose can be obtained from wood 
and other vegetable substances by treatment with nitric acid 
alone, or with a mixture of nitric and hydrochloric acids, 
but it will be readily seen that the employment of such 
large quantities of these acids as would be required to 
effect the object in view on a practical scale, would be 
fraught with incalculable difficulties, amongst which may 
be mentioned the insuperable difficulty of obtaining ves- 
sels that would resist the powerful corrosive action of the 
acids. Moreover, since nitric acid forms with cellulose an 
explosive substance {xyloidin) of the gun cotton series, the 
risk involved in the drying of the cellulose obtained would 
be quite sufficient to forbid the use of processes of this 
nature. 



CHAPTER VII. 

TREATMENT OF WOOD {continued). 

Sulphite Processes. — Francke's Process. — Ekman's Process.— Dr. Mit- 
scherlich's Process. — £itterand Kellner's Boiler. — Partington's Pro- 
cess. — Blitz's Process. — McBougall's Boiler for Acid ftocesses. — 
Graham's Process. — Objections to the Acid or Sulphite Processes. — 
Sulphite Fibre and' iiesin. — Adamson's Process. — Sulphide Pro- 
cesses. — Mechanical Processes. — Voelter's Process. — ^Thune*s Process. 

Sulphite Processes. — ^An important and successful 
method of treating wood has been found in employing 
sulphurous acid, combined in certain proportions with 
soda, lime, or magnesia, whereby a bisulphite of the alka- 
line or earthy base is obtained. One of the principal 
attributes of these agents is that in boiling wood at high 
pressures oxidation and consequent browning of <he fibres 
is prevented. Of these sulphite, or more properly bisul- 
phite, processes, several of those referred to below have 
been very extensively adopted, and vast quantities of so- 
called " sulphite pulp " are imported into this country 
from Norway, Germany, Scan£navia, &c., the product 
from the latter source being considered specially suited 
for the English market. Some of these processes are also 
being worked in this country, but more particularly those 
of Partington, McDougall, and Ekman. 

Francke's Process. — In this process, which is known 
as the " bisulphite process," the active agent employed for 
the disintegration of wood is an acid sulphite of an alkaline 
or earthy base, as soda or potassa, lime, &c., but it is 
scarcely necessary to say that the process has since 
been modified by others. The invention is applicable 
to the treatment of wood, esparto, straw, etc., and may 
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be thus briefly described: — A solvent is first prepared, 
which is an acid sulphite of an alkali or earth, that is, a 
solution of such sulphite with an excess of sulphurous acid. 
As the cheapest and most accessible base the inventor 
prefers lime. It has long been known that a solution of 
sulphite of lime, combined with free sulphurous acid, 
would, at a high temperature, dissolve the intercellular 
portions of vegetable fibres, leaving the fibres in a suitable 
condition for paper manufacture ; but Mr. Francke claims 
to have determined the conditions under which this can 
be effected with rapidity, and in such a way as to preserve 
the strength of the fibres, and to have obtained a practical 
method of preparing pulp by his process.. For his purpose 
he employs a moderately strong solution of the solvent at 
a high temperature, with gentle but constant agitation. 
The acid sulphite is produced by this process at small cost 
and at a temperature nearly high enough for use in the 
following way : — ^A tower or colunm is charged with frag- 
ments of limestone, which are kept vetted with a shower 
of water ; fumes of sidphurous acid, produced by burning 
sulphur, or by roasting pyrites, etc., are then passed through 
the tower. The liquid which collects at the bottom of the 
tower is the desired solvent, which should have a strength 
of 4° to 5° B. It is not essential that the limestone should 
be pure, as magnesian limestone, etc., will answer equally 
well. The soluble alkalies, as soda and potassa,imay also 
be used when their greater cost is not an objection. But 
for these alkalies the treatment is modified, as follows :^ 
The tower is charged with inert porous material, such as 
coke, bricks, etc., and these are kept wetted by a shower 
Qf caustic alkali at 1° to 2° B., while the sulphurous acid 
fumes are passed through the tower. In like manner car- 
bonate of 6oda or potassa may be used, but in this case the 
solution showered on the porous material should be stronger 
than that of the caustic alkali, so that it may contain ap- 
proximately the same amount of real alkali. Whichever 
alkaline base be employed, the liquid collected at the bot- 
tom of the tower should have a strength of 4° to 5° B. ; 
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this being the acid sulphite of the base is used as the sol- 
vent employed for the manufacture of pulp. When wood 
is to be treated, it is freed as much as possible from resin- 
ous knots 'by boring and cutting them out, and is then 
cut — ^by preference obliquely — into chips of a :J to f of an 
inch thick. « Esparto, straw, and analogous fibres are cut 
into fragments. The fibrous material and solvent are 
charged into a digester heated by steam at a pressure of 
four or five atmospheres, and consequently capable of rais- 
ing the temperature of the contents to about 300° F. 
As agitation greatly promotes the pulping of the materials, 
Mr. Francke eniploys a revolving cylindrical boiler, which 
is allowed to revolve while the charge is under treatment. 
Ekxuan's Process. — In this process, which in some 
respects bears a resemblance to the preceding, native car- 
bonate of magnesia (magnesite) is first calcined to convert 
it into magnesia ; it is then placed in towers lined with 
lead, and sulphurous acid gas, obtained by the burning of 
sulphur in suitable furnaces, is passed through the mass, 
a stream of water being allowed to trickle down from the 
top of the towers. The supply- of gas is so regulated that 
a continual formation of a solution of bisulphite of mag- 
nesium, of an uniform strength, is obtained ; great care, 
however, is necessary to avoid excess and consequent loss 
of sulphurous acid by its conversion into sulphuric acid. 
In boiling, the fragments of wood, previously crushed by 
heavy rollers, are placed in a jacketed, lead-lined, cylin- 
drical boiler, .suspended on trunnions, so that it can be 
inverted to remove the charge. The pressure in the outer 
jacket is 70 lbs. per square inch, and that within the 
boiler is 90 lbs. per square inch. The boiling occupies 
twelve hours. This process has been extensively worked 
by the Bergvik and Ala Company, of Sweden, for many 
years with great success, and.we uiiderstand that the com- 
pany has been turned over to an English company — the 
Bergvik Company, Limited. The Ilford Mill and North- 
fleet Works have been largely supplied with sulphite pulp 
from the Swedish works. 
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One great drawback to the bisulphite processes is that the 
boiling cannot be effected in iron boilers unless these be 
lined with some material which will protect the iron from 
the destructive action of the bisulphite, which, being an 
acid salt, would exert more action upon the iron than upon 
the fibre itself, and the solution of iron thus formed would 
inevitably prove injurious to the colour of the fibre. In 
several of the systems adopted iron boilers lined with lead 
have been used, but the t^eavy cost of this material and 
its liability to expand imequally with the iron, especially 
at the high temperatures which the solvent necessarily 
attains under pressure, causes the lead to separate from 
the iron, while it is apt to bulge out in places, and thus 
becomes liable to crack and allow the acid liquor to find 
its way to the interior of the iron boiler which it was 
destined to protect. To overcome this objection to the 
simple lead- lining. Dr. Mitscherlich patented . a process 
which has been extensively adopted in Germany, and is 
now being carried out by several companies in different 
parts of America. This process is briefly described below. 

Br. Mitscherlich's Process, — The digester employed 
in this process is lined with thin sheet lead, which is 
cemented to the inner surface of the boiler by a cement 
composed of common tar and pitch, and the lead lining is 
then faced with glazed porcelain bricks. In this process a 
weaker bisulphite of lime is used than in Francke's, and 
the time of boiling is consequently considerably prolonged. 

Ritter and Eellner have proposed to luiite the inner 
surface of the boiler to its lead lining by interposing a 
soft metal alloy, fusible at a temperature lower than that 
of either mdtal, and it is claimed that the iron and lead 
are thus securely imited, while the alloy beiiig fusible 
under the normal working temperature of the digester, 
the lead lining can slide freely on a boiler shell. 

Partington's Process. — ^This process, which has been 
for some time at work at Barrow, and for the further de- 
velopment of which a private company, entitled the Hull 
Chemical Wood Pulp Company, Limited, has been formed, 
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consists in the employment of sulphite of lime as the dis- 
integrating agent. The process consists in passing gaseous 
sulphurous acid — ^formed by burning sulphur in a retort, 
into which is forced a current of air at a pressure of 6 lbs. 
to the square inch — through a series of three vessels, con- 
nected by pipes, the vessels being charged with milk of 
lime. Tne first two of these vessels are closed air-tight, 
and the gas is then introduced, while the third vessel 
remains open ; from this latter a continuous stream of 
nitrogen escapes, due to the removal of the oxygen by the 
burning sulphur from the air passed into the retort. This 
process is said to be a very economical one, so far as 
relates to the cost of materials used. 

Blits's Process. — This process consists of employing a 
mixture composed of bisulphite of soda 2 parts, caustic 
soda 1 part ; and vanadate of ammonia 1 gramme, in hy- 
drochloric acid 4 grammes to every 6 kilogrammes of the 
bisulphite. The wood, after being cut up in the ordinary 
way, is submitted to the action of the above mixture, 
under a pressure of three or four atmospheres, for from 
four to eight hours, and the pulp is then ground ; it is said 
to possess some of the qualities of rag pulp and to look 
much like it. 

McDoQgaU's Boiler for Acid Processes. — This in- 
vention is intended to obviate the difficulties which arise 
in using lead-lined boilers, owing to the unequal expansion 
and contraction of the lead and the iron on their being 
alternately heated by steam and cooled, on the discharge 
of each successive batch of pulp. This invention consists 
in constructing the boilers with an intermediate packing 
of felt, or other compressible and elastic material, so that 
when the interior leaden vessel is heated, and thereby 
enlarged and pressed outwards by the steam, the com- 
pressible and elastic packing yields to the pressure and 
expansion. Also in the cooling of the vessels the packing 
responds to the contraction, and approximates to its origi- 
nal bulk and pressure between the two vessels, and so 
prevents the rupture or tearing of the lead and consequent . 
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leakage and other inconveniences. Another part of this 
invention consists in the construction of the outer iron. or 
steel vessel in flanged sections, which are fitted to incase 
the interior leaden vessel with a space between the two 
vessels, into which the compressible and elastic materials 
are packed. In the construction of these vessels the iron 
or steel flanged sections are placed on to the leaden vessel 
and packed with the compressible and elastic lining in 
succession. As each section is packed it is screwed close 
up to the adjoining section by the screw bolts, fitted into 
corresponding holes in the flanges of the contiguous sec- 
tion until completed. This method of construction secures 
economy by the retention of the heat, which is effected by 
the packing between the two vessels. The materials used 
for the packing are caoutchouc, felt, flocks, asbestos, etc., 
and a space of about two inches between the vessels is pre- 
ferred, into which the packing is filled. 

OraJLam's Process. — This process consists in boiling 
fibrous substances in a solution of sulphurous acid, or a 
sulphite or bisulphite of soda, potash, magnesia, or lime, 
or other suitable base and water. The boiling is preferable 
conducted in a closed boiler, lined with lead, to protect it 
from the action of the chemical substances useid, and is 
fitted with a valve which can be openjed to allow the gases 
and volatile hydrocarbons contained, in and around the 
fibres to escape. The method of carrying out the process 
has been thus described : — " In carrying out the process 
there is a constant loss of sulphurous acid gas going on, 
and consequently a continual weakening of the solution 
employed, to avoid which it is preferable to employ mono- 
sulphite of potash, soda, magnesia, lime, or other suitable 
base, and water. Either of these substances, or a suitable 
combination of them, and water are placed in the boiler 
with the fibrous substances to be treated, and the tempera- 
ture raised to the boiling point. After the hydrocarbons, 
air, and gases natural to the fibrous substances have beto 
driven out by the heat and allowed to escape, sulphurous 
acid, in its gaseous or liquid state, or in combination with 
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either of the bases referred to, is pumped or injected into 
the boiler. There is thus forming in the closed boiler «i 
solution containing an excess of siilphurous acid above that 
required to form, in combination with the base, a mono- 
sulphite. The operation of injecting sulphurous acids, or 
the sulphites, may be repeated from time to time during 
the boiling, so as to fully maintain, and if necessary in- 
crease, the strength and efficiency of the chemical solu- 
tion. It is said that by this process a saving of the 
chemicals employed is effected, as little or no sulphurous 
acid gas is lost during the time the gaseous hydrocarbons, 
air, and other gaseous matters are being expelled from 
the fibrous materials. If an . open vessel is used instead 
of a closed boiler, it will be necessary to keep the solu- 
tion at a fairly uniform strength, and if necessary to 
increase the strength, but the result will be substan- 
tially the same ; but as it is evident th^^t, when using an 
open boiler, the excess of sulphurous acid supplied during 
the boiling will be constantly driven off as gas, it must be 
replaced by further injections, while the acid fumes may 
be conveyed away and condensed, so as to be available for 
further use. When the fibrous substances are boiled as 
above, with the addition of potash, soda, etc., during the 
boiling, the result will be equally beneficial. The inventor 
prefers to inject the sulphurous acid or its combinations 
into the boiler at the bottom, and to cause it to come in 
contact with the solution therein before reaching the 
fibrous materials. For this purpose there is formed a kind 
of chamber beneath the boiler, but separated from it by a 
perforated disc or diaphragm of lead or other suitable 
material not acted upon by the solution, so as to allow the 
latter to fill the chamber, to which is connected a pipe, 
through which the sulphurous acid or solutions of the sul- 
phites is forced by any suitable apparatus. 

Objections to the Acid or Bisulphite Processes. — 
While the various methods of boiling wood in caustic 
soda at high temperatures are well known to be open to 
serious objedtions, the acid treatment of wood also presents 
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many disadvantages, which it is to be hoped may be yet 
overcome. In reference to this, Davis makes the follow- 
ing observations : — " In the acid treatment of wood for the 
purpose of converting the fibres into pulp for use in 
paper manufacture, the general practice has been to use 
alkaline solutions of soda, combined in various proportions 
with certain acids, such, for instance, as sulphurous acid, 
hydrochloric acid, etc. These solutions have been heated 
in digesting vessels, and the high temperature resulting 
from this process of heating developing a pressure of 
from six to seven atmospheres, the wood being disin- 
tegrated by the action of the boiling solutions, the gum, 
resinous constituents, and other incrustating or cementing 
substances that bind the fibres together are decomposed, 
destroyed, or dissolved, while pure cellulose, which con- 
stitutes the essential element of the ligneous fibres, is 
separated therefrom. To this end high temperatures had 
to be employed, otherwise the disintegration was found 
to be only partial, the wood remaining in a condition 
unfit for further treatment. The high temperature not 
unfrequently converts a large proportion of the resinous 
and gummy constitu^its of the wood into tar and pitch — 
that is to say, carbonaceous bodies that penetrate into the 
fibre and render its bleaching difficult, laborious, and 
costly, while the frequent washing and lixiviation neces- 
sary to bleach such products seriously affect the strength of 
the fibre and its whiteness^ and also materially reduce the 
percentage of the product, in some instances to the extent 
of 18 per cent. These difficulties and detrimental results 
materially enhance the cost of production, while the fibre 
itself suffers considerably in strength from the repeated 
action of the chloride of lime. . . . The difficulties are 
chiefly due to the carbonisation of certain constituent 
parts of the fibres under temperatures exceeding 212° 
F., such carbonised matters being insoluble and in- 
capable of being bleached, and as they permeate the fibre, 
cannot be entirely removed. 

"To overcome these difficulties, the wood should be 
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cliemically treated at a temperature sufficiently low to 
ensure that the decomposition of the connecting substances 
of the fibres will remain chemically combined with the 
other elements, such as hydrogen, oxygen, and nitrogen, 
in order to obtain an increased product of superior 
quality and render the process more economical." 

Sulphite Fibre and Besin. — A German manufacturer 
sent the following communication to the Papier Zeitung, 
which may be interesting to the users of sulphite pulp : — 
" In making [disintegrating] cellulose by the soda or sul- 
phite process, the object in boiling is to loosen the incrust- 
ing particles in the wood, resin included, and to liberate 
the fibres. The resin is dissolved both in the soda and 
sulphite processes, but in the former it is at the same 
time saponified, and is consequently very easily washed 
out. In the case of sulphite fibre, however, the resin 
attaches itself by its own adhesiveness to the fibres, but. 
can also be removed by as hot washing as possible, and 
adding a little hydrochloric acid, which produces a very 
great effect. At the same time, however, sulphite fibre 
loses in whiteness by thorough washing, and assumes a 
reddish-grey shade. As the paper manufacturer insists 
upon white fibre, the manufacturer of sulphite fibre not 
only often omits washing, but adds some sulphite solu- 
tion (bisulphite of lime). This not only enables him 
to give his customers white fibre, but he also sells a 
quantitv of the incrusting particles and sulphite residuum 
as cellulose. 

" So long as the manufacturer looks more to white than 
to well-washed cellulose, or does not wash it well before 
working up the fibre, these annoyances cannot be avoided. 
Not only this, but other disadvantages will be added in 
the course of time, as the action of the sulphurous acid in 
the pulp will have very injurious consequences on metals 
— [and on the fibre itself?] especially iron — coming in 
contact with it. This should be the more avoided, as the 
whiteness of the unwashed cellulose is of very short 
duration. The paper made from it soon turns yellow and 
becomes brittle. Well-washed sulphite fibre, on the other 
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band — provided no mistakes have been made in the boil- 
ing process — ^makes a strong, grippy paper, which can* 
withstand both air and sunlight. I have made no special 
studies as to resin, but believe that pine and fir act dif- . 
ferently, especially with solvents." 

Adamson's Process. — Mr. W. Adamson, of Phila- 
delphia, obtained a patent in 1871 for the use of hydro- 
carbons in the treatment of wood. His process consisted 
in treating the wood with benzine in closed vessels, under 
a pressure of 5 to 10 lbs., according to the nature of the 
wood. His digester consisted of an upright cylinder, in 
which the wood-shavings were placed between two per- 
forated diaphragms. The mass was heated beneath the 
lower diaphragm by a coil through which steam was 
passed. The vapours which were given off were allowed 
to escape through a pipe on the top of the digester, to 
which was connected a coil immersed in a vessel of cold 
water, and the condensed liquid then returned to the 
lower part of the digester. The remaining portion of the 
benzine in the digester, which was still Kquid but 
saturated with the extracted matters, was drawn off 
through a faucet at the bottom. Benzine being a very 
cheap article in America, a similar process was recom- 
mended in another patent by the same author for extrac- 
tion of pitch and tar from rags [tarpaulin, ropes, &c. P], 
and for removing oil from rags and cotton waste. 

Snlpliide Processes.. — Many attempts were m9.de about 
thirty years ago, and in subsequent years, to employ the 
soluble sulphides as a substitute lor caustic soda in 
boiling wood and other fibres, but these processes do not 
appear to have been very successful. Later improvements ^ 

in the construction of boilers or digesters, however, seem 
to have induced further experiments in this direction, and 
we understand that several sulphide processes are being 
worked on the Continent, the processes of MM. Dahl and 
Blitz being amongst them. One of the supposed advan- 
tages of these sulphides over caustic soda is that by 
evaporation and calcination of the liquors, or leys, by 
which the organic matters become destroyed, the original 
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product would be recovered, which merely requires to be 
• dissolved out for further use. There are, however, several 
important objections to the use of sulphides in this way, 
amongst which may be mentioned the deleterious vapours 
which they emit ; and this alone would doubtless prevent 
their employment — at all events in this country. 

II. Mechanical Plrocesses. — Besides the various chemi- 
cal methods of separating cellulose from woody fibres, 
before described, certain processes have been devised for 
reducing wood to the condition of pulp directly by mecha- 
nical means without the aid of any chemical substance 
whatsoever. In this direction Heinrich Voelter, of Wur- 
temburg, appears to have been the first to introduce a 
really practical process for the conversion of wood into 
pulp for paper-making, although, as far back as 1756, Dr. 
Schaefler, of Bavaria, proposed to make paper from saw- 
dust and shavings mechanically formed into pulp : the pro- 
cess was not successfid, however, with the machinery 
then at his command. 

Voelter's Process for Preparing Mechanical Wood 
Pulp. — ^In 1860-65 and 1873 Voelter obtained patents 
in this country for his methods of treating wood mecha- 
nically, and the process may be thus briefly described : — 
Blocks of wood, after the knots have been cut out by 
suitable tools, are pressed against a revolving grindstone, 
which reduces the material to a more or less fine condi- 
tion, but not in a powdery form, and the disintegrated 
fibre is caused to press against a wire screen, which allows 
the finer particles to pass through, retaining the coarser 
particles for further treatment. 

The apparatus employed, which is shown in Fig. 
17a, consists of a pulping apparatus a, with vat k, in 
which the revolving stone s is placed; the blocks of 
wood are held against the stone at j? j?, and water is 
introduced at g, and the revolving stone carries the 
pulp against the screen e, which admits the passage 
of the finer particles of the wood, while the coarser 
particles are led by the trough f to the first refining 
cylinder b, after passing through an oscillating basket, 
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which retains the coarser particles. From thence it is led 
through a distributing apparatus and hopper c, to be uni- 
formly supplied to the refining cylinder d, these cylinders 
heing of- the ordinary construction, and, as usual, covered 
with fine gauze wire sieves. The ground material which 
fails to pass through the sieves is transferred by an elevator 
to the millstones e, which are of ordinary construction, 
and after leaving these unites with the finer fibres which 
pass through e, the whole now entering a mixing reservoir 
F, vsrhence it is thrown on to the cylinder g, and the pulp 
which passes into this is distributed on to a similar cylinder 
H, the contents of which then passes through the last 
cylinder i, which is differently constructed to the others, 
inasmuch as itg lower part is surrounded by an imper- 
vious leather jacket, so that the pulp ascends in order to 
enter it. The disintegrated fibres that are retained by the 
wires of the cylinders pass into the refiners, which con- 
sist of a pair of horizontal cylinders of sandstone, one of 
which (the upper one) only revolves, and by the action of 
these the coarser fibres become further reduced, the finer 
particles, as before, passing through the wire gauze of the 
cylinders, the operation being repeated in the same order 
until the whole of the fibres have passed through the sieves. 
Thnne's Froces9- — Mr. A. L. Thune, of Christiana, 
U.S.A., has recently patented an apparatus for disinte- 
grating wood, which consists of a grinding apparatus 
connected to a turbine. In this arrangement the grind- 
stone, fixed on a shaft, is worked by a turbine", and the 
wood, which is used in small blocks, is pressed against 
the stone by means of a series of hydraulic presses. 
The fine pulp is afterwards made into thick sheets by 
means of a board-machine, the pulp, mixed with water, 
passing down a shoot into a vat beneath, in which is a 
revolving cylinder covered with, wire-cloth, which in its 
revolution carries with* it a certain quantity of pulp in a 
continuous sheet ; this is taken on to an endless travelling 
belt by means of a small couch-roll, and passes on to a 
pair of rolls, round the upper one of which the sheet be- 
comes wound, and is removed when sufficiently thick. 
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CHAPTER VIII. 
TREATMENT OF VARIOUS FIBRES. 

Treatment of Straw. — Bentley and Jackson's Boiler. — Boiling the 
Straw. — Bertrams* Edge-ronner. — M. A. C. Mellier's Process. — 
Manilla, Jute, etc. — Waste Paper. — Boiling Waste Paper. — Byan's 
Process for reating Waste Paper. 

Treatment of Straw. — As a •paper-making mateidal, the 
employment of straw is of very early date, a patent for 
producing paper from straw having been taken out by 
Matthias Koops as far back as 1801. The material, how- 
ever, was used in its unbleached state, and formed a very 
ugly paper. White paper was not obtained from straw 
until 1841, but no really practical method of treating this 
material was devised until about ten years later, in France, 
when MM. Coupier and Mellier introduced a process 
which, with subsequent modifications, has been exten- 
sively adopted. A great advance in the manufacture of 
paper from straw has since been effected by the introduc- 
tion of various boilers, specially constructed for boiling 
the material at high pressures, and for keeping the alka- 
line liquors freely circulated amongst the fibre during the 
progress of the boiling. These boilers are of different 
forms — ^being either cylindrical or spherical — ^and are pre- 
ferably of the revolving type, which causes the caustic ley 
employed in the boiling to become uniformly mixed 
with the fibre. Sometimes the vomiting boilers described 
elsewhere are used by paper-makers in preference to those 
referred to. 

Bentley and Jackson's Boiler. — This boiler, a repre- 
sentation of which is shown in Fig. 18, is 7 feet in 
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diameter, 18 feet long on the cylindrical surface, with 
hemispherical ends of Jtfartin-Siemens steel jJate j^ inch 

thick in the shell, and ^ inch thick in the ends. It is 
double riveted in the longitudinal seams, haa two man- 
holes 3x2, forged out of solid steel plate. Inside ar6 
two perforated lifting plates or shelves, each 1 foot wide, 
I inch thick, the full length of the shell, and secured to 
the ends by strong angle-irons ; it is supported on two 
turned cast-iron trunnions. These boilers are tested by 
hydraulic pressure to 120 lbs. per square inch. 

The varieties of straw generally used for paper-making 
in this country are wheat and oats, though rye and barley 
straws are also used, but in a lesser degree. The treat- 



Fig. 18. 

ment of straw differs greatly at different mills, some 
makers using strong liquors and boiling at a lower pres- 
sure, while others prefer to use less caustic soda and boil 
at a higher pressure. There can be little doubt, however, 
that the high temperatures resulting from boiling at very 
high steam pressure must deteriorate the fibre consider- 
ably, causing subsequent loss of fibre in the processes of 
washing and bleaching. 

Boil^ tha Straw. — The straw is first cut into short 
lengths of one or two inches by means of a chaff-cutter, 
or by a machine similar to a rag-cutter, and the cut 
material is then driven by an air-blast through a wooden 
tube into a chamber having coarse wire-gauze sides : a 
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second chamber surrounds this, in which the dust from 
the straw collects as it passes through the wire gauze. 
The winnowed straw, freed from dust and dirt, is then 
conveyed in sacks to the boilers. In charging the boilers, 
a certain quantity of ley is first introduce, and steam 
also, and the cut straw then added, which soon becomes 
Roftened,. and sinks to the bottom of the boiler, when 
further quantities of the material are added, until the full 
charge has been given. The requisite proportion of ley 
and water is then run in and the head of the boiler secured 
in its place. Steam is now turned on. Until a pressure of 
20 to 40 lbs., or even more, has been reached, when the 
boiling is kept up for 3^ to 8 hours, according to the 
pressure used and the strength of the alkaline liquor, 
which varies from 9° to 16° Tw. From 10 to 20 lbs. 
of caustic soda per cwt. of straw are generally required 
to boil the material thoroughly. The boiling being 
complete, steam is turned off, and when the boiler has 
somewhat cooled, the material, which is in the form of 
a pulp, is discharged by the pipes beneath into a large 
tank or strainer, the bottom of which is fitted with 
a series of plates having long narrow openings or slits, 
through which the liquor drains. The pulp is then 
washed with water, and again allowed to drain thoroughly, 
after which it is dug out and transferred to the potcher to 
be again washed and bleached. At some mills the. straw 
is boiled whole and not subjected to any preliminary cut- 
ting. In such cases the boiled straw, not being so fully 
pulped as when cut into dshort lengths, is emptied from 
the boiler through the manholes used for charging the 
material into the. boiler. 

Bertrams' Edge-mnner. — For the purpose of crush- 
ing the knots of the straw, and other hard particles de- 
rived from weeds, etc., a machine termed the "koUer- 
gang" or "edge-runner '' is sometimes employed. This 
machine, which is manufactured by Bertrams, Limited, 
and of which an illustration is given in Fig. 19, con- 
sists of two large millstones, made from hard red 
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granite, the surfaces of which . are sometimes grooved 
with V-ahaped equidistant grooves. These stones are 
worked by a horizontal spindle, and are caused to re- 
volve very rapidly in an iron basin, in which the washed 
pulp is placed, and by this means the knots and harder 




Fig. 19. 

portions of the fibre not fully acted upon by the caustic 
alkali, become so reduced as to be more readily acceaaible 
to the action of the bleach, and thus a very superior 
straw pulp is produced. In using this machine in the 
way indicated, the washed pulp is mixed in a chest pro- 
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vided with agitators, with water, is then pumped into a 
second chest above it, from whence it flows into the basin 
shown in the engraving, while the stones are revolving. 

M. A. C. Mellier'8 Process. — ^By this method the straw 
is first cut into small lengths as usual ; it is then steeped 
for a few hours in hot water, and afterwards placed by 
preference in a jacketed boiler, the object being to heat 
the materials without weakening the ley by the direct 
introduction of steam into the body of the material. The 
boiler is to be heated to a pressure of 70 lbs. to the square 
inch, or to a temperature of about 310° F., by which 
means, it is said, a considerable saving of alkali is effected, 
as also time and fuel, as compared with the ordinary prac- 
tice of boiling. The alkaline ley which M. Mellier prefers 
to use is from 2° to b° B., or of the specific gravity of 
from 1'013 to 1*020, and in the proportion of about 70 
gallons of such solution to each cwt. of straw. The boiler 
should revolve very slowly, making about 1 or 2 revo- 
lutions per minute. The boiling occupies about 3 hours, 
at the pressure named, when the steam is turned off and 
cold water passed through the jacket of the boiler, which 
assists in cooling the pulp, the water thus used being 
afterwards employed in washing the pulp. The pulp is 
then thoroughly washed until the last water runs off quite 
clear, when it is next steeped for about an hour in hot 
water acidulated with sulphuric acid, in the proportion of 
about 2 per cent of the weight of the fibre. The pulp is 
then washed with cold water, when it is reaSy for bleach- 
ing in the usual way. 

Manilla, Jute, etc. — Previous to . boiling these fibres it 
is usual to cut them into short pieces by a machine such 
as is used for cutting straw, after which they are cleaned 
in a willowing and dusting machine. The boiling is then 
conducted in the same way as for esparto. Manilla fibre 
is not so much used in this country as in the United 
States, where its employment forms an important feature 
in the manufacture of certain kinds of paper. Some idea 
of the extent to which it is used by the paper-makers of 
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America may be gleaned from the following statement of 
Mr. Wyatt : — " Another large and important branch of 
the American paper trade are the mills running on news 
and Manilla paper. Many of these mills turn out a vast 
quantity of paper, running up to two hundred tons per 
week, besides making their own ground wood pulp. 
The American news is composed mainly of ground wood 
pulp, with an admixture of about 15 to 25 per cent, 
of sulphite wood or jute fibre, and not much loading, 
and the machines are run at high speed. "What is termed 
Manilla paper is very largely used in the States, and much 
more so than with us for common writings, envelopes, and 
wrapping papers. The paper is composed of Manilla, 
jute fibre, old papers, etc., and is highly finished at the 
machine. I was told of one mill belonging to a large 
company running altogether six mills on news and 
Manilla, turning out, with one 96-inch machine and beater 
capacity of 1,800 lbs., and one Jordan, 10 to 12 tons of 
2,000 lbs., of Manilla paper per day at an average speed 
of 200 feet per minute." 

Jute is seldom reduced to the condition of a fin.e white 
pulp since the treatment necessary to obtain that condi- 
tion would result in a weak fibre ; it is usual, therefore, 
to only partially reduce the material, when a strong fibre 
is obtained, which, lacking in whiteness, is used for coarse 
papers. This also applies to Adamsonia, or Baobab, 
another description of bast obtained from the West Coast 
of Africa. These fibres are chiefly used for papers which 
require strength rather than whiteness of colour, such as 
wrapping papers, &c. 

"Broke" paper is a term applied to paper which has 
been imperfectly formed on the paper machine or damaged 
while passing over the drying cylinders. Imperfect sheets 
when they are not sold as retree, and clean waste paper, 
also come under this designation and are re-converted 
into pulp after undergoing the treatment described below. 

Waste Paper. — In treating waste paper for conversion 
into pulp for paper-making, it is doubtless advisable to 
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separate, as far as can be done economically, papers which 
have been written upon with common ink, as old letters, 
documents, &c., from printed papers, since the latter 
require a more severe treatment than the former. While 
simple boiling in water containing a little soda-ash will 
discharge ordinary writing ink, printer's ink can only be 
extracted by using rather strong solutions of soda-ash or 
caustic soda ; and even with this treatment it can only be 
rendered serviceable for an inferior paper, owing to the 
grey colour of the resulting pulp, due to the carbon of the 
printier's ink, upon which the alkali has no solvent effect. 
Boiling Waste Paper. — This is sometimes effected in 
iron vats, about 8 feet deep and 8 feet in diameter at the 
bottom, and about 6 inches wider at the top. At the 
bottom of each vat is a false bottom, closely perforated 
with small holes.' Steam is introduced by a pipe below 
the false bottom, which passes through the perforations 
and thus becomes uniformly distributed to all parts of the 
vat. To facilitate the emptying of the vats, the false 
bottoms have connected to them three or four iron rods, 
to the tops of which iron chains are hooked, and by this 
means the false bottom, carrying the mass of boiled paper 
can be raised by a steam hoisting engine or crane and 
deposited where desired. When the boiling is commenced, 
the vat should first be about one-fourth filled with a solu- 
tion of soda-ash, and the steam then turned on. When 
the liquor boils, the papers having been previously dusted, 
are introduced gradually, and well distributed through 
the liquor ; if they are thrown into the vat in large quan- 
tities at a time, and especially if they are in a compact 
state, the portions in contact may not be reached by the 
liquor, and an imperfect boiling will be the result. To en- 
sure a uniform distribution of the boiling liquor over the 
surface of the material, an iron pipe extends from the centre 
of the false bottom to nearly the top of the vat, and this 
pipe is covered with a hood, which causes the soda liquor 
to be evenly spread over the whole mass. The vats are 
either cased with wood or coated with asbestos to prevent 
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the escape of heat, and the vessel is covered with a flat 
iron cover, which is generally in two halves. The steam 
enters the tubs at the side, below the false bottom, and 
the exhausted liquor is drawn ofE through a valve con-* 
nected to the bottom of the vat. In some mills the liquor 
is not drawn off after each boiling, but the boiled paper 
is hoistfed from the vat as before described, and the liquor 
strengthened by the addition of from 10 to 20 lbs. of 
soda-ash for each 100 lbs. of the paper to be next boiled. 
Paper that is thickly coated with printing ink requires an 
extra dose of soda-ash. The boiling is continued for twelve 
to twenty-four hours, according to the nature and condi- 
tion of the waste paper under treatment. 

Waste papers are frequently boiled, after dusting, in 
revolving boilers, in a solution of soda-ash or caustic soda, 
but it not unf requently happens that some portions- of 
the material become so agglomerated or half pulped during 
the boiling that the alkali fails to reach all the ink, and 
as this cannot be removed by the after processes of washing 
and breaking, it remains in the body of the pulp and 
necessarily forms a constituent part of the paper to be 
produced from it. The mass, when discharged from the 
boiler and drained is then conveyed to the washing-engine, 
in which it becomes broken and freed from alkali and so 
much of the ink as may have been dissolved or loosened, 
and it is afterwards treated in the beater and mixed with 
varying portions of other paper stock, according to the 
quality of paper to be produced. In some mills the boiled 
waste paper is disintegrated after boiling, by means of the 
edge-runner (Fig. 19). 

Ryan's Process for Treating Waste Paper. — The fol- 
lowing process for treating waste paper so as to produce a 
'* first-class clean paper " therefrom, was patented by Mr. 
J. T. Ryan, of Ohio. The waste paper is first passed 
through a duster in the usual Way, all thick old books 
being previously torn apart to separate the leaves. The 
papers are then boiled in a hot alkaline liquor without 
pulping them, whereby the alkali acts on the surfaces of 
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the papers, and dissolves off, carrying away all the ink 
into the liquor. The papers, which are still in sheet form, 
are then drained as free as convenient from the alkaline 
liquor, and are next washed in the washing-engine, which 
leaves the material perfectly clean. It is then pulped in 
the beating-engine; and it is claimed that it can be 
formed into first-class paper without the addition of any 
new or expensive paper stock. The details of the process 
are thus given by the patentee : "Into a bucking-keir put 
a soda-ash solution having a density of 6° B., at 160° F., 
put in the stock, and shower for eight hours at a 
temperature of 160° F., without pulping the paper, 
then lift and drain, and cleanse well in the washing- 
engine ; then pulp and form into paper. As the draining 
will always be imperfect, each charge removed will carry 
away some of the soda-ash solution, and leave the re- 
mainder of impaired strength. After each drainage add 
water to make up for loss in quantity of the solution, and 
add enough soda-ash solution at a density of 13° B., 
to bring all the liquor up to 5° B. at 160° F. In about 
eighteen working days the liquor will have accumu- 
lated considerable ink and other matter. Then blow 
one half of the liquor, and restore the quantity for 
proper working. None of the soda-ash solution is wasted, 
except such as falls to drain and what is blown out as last 
mentioned." In carrying out this process every care 
must be taken to guard against pulping before the alkali 
is washed out. 



CHAPTER IX. 
ELBA CEING. 

Bleaching Operation.— Sour Bleaching. — Bleaching with Chloride of 
Lime. — Donkin's Bleach Mixer. — Bleaching with Chlorine Gas 
(Glaser's Process). — Electrolytic Bleaching (0. Watt's Process). — 
Hermite's Process. — Andreoli's Process. — Thompson's Process. — 
Lunge's Process. — Zinc Bleach Liquo):. — Alum Bleach Liquor. — 
New Method of Bleaching. 

Bleacliiiig Operation. — The half-stufE treated in the 
breaking-engine is run into the potcher, and the water it 
contains is lifted out as far as practicable by the washer ; 
the spent liquor from the presses or drainers is then run 
in in lieu of water, and as much fresh bleaching-liquor as 
may be required is then measured in, and in from two to 
six hours the pulp becomes perfectly white. *" However 
well managed a mill may be," says Mr. A mot, "it is 
scarcely possible to avoid having a small residue of unused 
chlorine in the liquid which drains from the bleaching 
stuff." The rule, therefore, is to use this liquor in the 
way above indicated, by which the unexhausted chlorine, 
operating upon fresh half-stuff, becomes available, and is, 
therefore, not wasted. "That as little of this residual 
chlorine as possible may remain in the stuff," Mr. Amot 
further observes, "when put into the beating-engine, 
powerful hydraulic presses are employed to compress the 
stuff and squeeze out the liquid. These presses should be 
large enough to contain easily the whole contents of a 
poaching-engine, and of imexceptional workmanship. The 
perforated lining especially should be carefully prepared 
and properly secured. I have seen much trouble from 
negligent workmanship in this respect. Recently I ex- 
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amined a number of samples of press drainings, and 
found the unexhausted chlorine to vary very muc^L — from 
a few grains of bleaching powder per gallon to about one 



ounce." 



Sometimes it is the practice to partly fill the potcher 
with water, and the engine being set in motion, the half- 
stuff is gradually introduced until the full charge has 
been given, and the stuff is then washed for some time, 
after which the drum- washer is raised, and the bleaching 
liquor then run in, care being taken that the necessary 
quantity is not exceeded, otherwise the fibre will suffer 
injury from tho chemical action of the bleaching agent. 
When vitriol is employed to liberate the hypochlorous 
acid, the vitriol, previously diluted with water, should be 
placed in a small lead-lined tank in such a position that 
the acid liquor may slowly trickle into the engine at the 
rate of 1 lb. of sulphuric acid in twenty minutes. As 
soon as the bleaching is complete the stufi* is emptied into 
large stone chests, each of which will hold the contents of 
two engines. On the bottom of these chests are perforated 
zinc drainers, while a similar drainer runs up the back of 
each chest. The bleached stuff is allowed to remain as 
long as may be convenient in these chests, after which it 
is removed to the beating or refining engines. In some 
mills the bleaching is effected in the breaking-engine, 
while at other mills the operation is performed in the 
beating-engine. 

In bleaching it is considered to be more advantageous 
to employ moderately strong liquors rather than weaker 
ones, inasmuch as the object is effected in less time than 
when weaker liquors are employed. An extreme in the 
opposite direction, however, must be avoided, since a very 
strong bleach will inevitably cause injury to the fibre. 
Sometimes the potchers are fitted with steam-pipes, in 
order that the diluted bleaching liquor may be heated,. if 
required, to facilitate the operation. If the temperature 
be raised too high, however, the effect upon the fibre will 
be at least as injurious as if too strong a bleach were 
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employed. It must also be borne in mind that in either 
case, after the pulp has been blea^jhed and the liquor 
allowed to run off, the mass has to remain some time — 
even if pressed to remove as much of the liquor as possible 
— ^in direct contact with the products resulting from the 
decomposition, and probably some undecomiposed hypo- 
chlorite also, which will continue their chemical action . 
upon the fibre until removed by washing, or neutralised 
by one or other of the agents employed for the purpose. 

Sour Bleacliing. — When the bleaching liquor, after 
.acting upon the half -stuff for- some time, has become 
partially exhausted/ dilute sulphuric acid — about one part 
acid to fifteen parts of water— is added,; which, by Kberating 
hypochlorous acid, hastens the bleaching considerably,. and 
when the chemical action resulting from this treatment is 
nearly complete, the spent liquor is allowed to drain away, 
and fresh bleaching liquor is introduced, the strength 
being regulated by the progress made in the first case, 
which will depend upon the character of the fibre treated. 
In the second application of the bleach no acid is used. 
When sulphuric acid is added to the bleaching liquor, as 
above, the process is termed sour bleaching. Sometimes 
hydrochloric acid is used for this purpose, but in either 
case it is necessary to avoid employing the acid in too 
concentrated a state, or in too great a quantity, otherwise 
free chlorine will be liberated, which, besides being in- 
jurious to the health of the workmen and the surroundiiig 
machinery, also involves loss, while the colour and strength 
of the fibre itself will also be impaired. In some mills 
the bleaching is effected in the beating-engine, the bleach- 
ing liquor being pumped in while the machine is in 
motion. 

Eespecting the time which' the bleaching operation 
should occupy, there appears to be some difference of 
opinion, or, at all events, the practice seems to vary J^^^ 
different mills, but there is, no doubt, an advantage, so 
far as ultimate yield is concerned, in moderately slow- 
bleaching at a moderate temperature, inasmuch as tKeiVc. 
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is less risk of chemical action upon the cellulose itself 
than when strong liquors are used, at a higher tempera- 
ture, with a view to hasten the operation and economise 
the bleaching powder. ■ 

Blsaching witli CUorida of Lima (Preparation of the 
Bkaching Liquor). — Chloride of lime, or hypochlorite of 
lime, commonly called bleaching powder, when well pre- 

Sared, contains from 32 to 35 per cent, of active chlorine. 
ieing readily decomposed by the air, and also by heat, 
this substance should always be stored in a cool and dry 



Fig. 20. 

place until required for use. A solution of bleaching 

tiowder is generally prepared in large tanks lined with 
ead, which are provided with agitators or stirrers, so 
that the powder, when added to the water, may be freely 
diffuaed, and its Mtive material dissolved in the liquid. 
A machine, or "bleach-mixer," manufactured , by Messrs. 
Bryan Jlonkin and Co., of Eermondsey, is shown in 
Fig. 20, which is so constructed that the strong bleach 
liquor does not destroy it. The device for agitating 
the contents of the tank explains the principle of the 
machine. To prepare the bleaching liquor, about J lb. 
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of chloride of lime to each gallon of water . is used, 
which yields a liquor at about 6° T. When the re- 
quired quantity of bleaching powder and water have 
been introduced into the mixer and sufficiently agitated, 
the vessel is allowed to rest until the residue, which chiefly 
consists of free lime and its carbonate, has subsided, when 
the clear liquor may be run off for use. When all the 
clear liquor has been drawn ©ff the residue should be 
washed with water, and after again settling, the wash- 
ing water run off, and fresh water added, these wash- 
ings being repeated as often as necessary to remove the 
last traces of the "bleach,*' as it is technically called. 
The washing waters may be used in lieu of water in the 
preparation of fresh bleaching liquors. In some mills 
the bleaching powder is mixed with from- 2 to 3 times its 
weight of water ; the mixture is then well agitated and 
the residue afterwards allowed to settle, the clear solution 
being afterwards drawn ofE and the residue then washed 
as before. In either case the residual matter is afterwards 
well drained and then cast aside. The bleaching liquor is 
stored in larffe tanks ready for use, from which it is with- 
dra^vn as reqlured by means of a s^hon or otherwise. 

Bleaching witli Chlorine Gas (Olaser's Process), — ^This 
method of bleaching is not so much adopted in England as 
formerly, but has found much favour in Germany.; in- 
deed, within the past few years, namely, in March 3rd, 
1880, a process was introduced by Mr. F. Carl Glaser for 
treating straw, in which, after boiling with caustic soda as 
usual, the pulp is bleached by the action of chlorine gas. 
The straw, after being separated from weeds by a slight 
or superficial picking, is cut into pieces of. from ^ to 
§ of an inch in length. T^q cut straw is then placed in 
a rotary boiler for about four hours, at a pressure of about 
4 to 4f atmospheres, in a solution composed of 29 lbs. 
of caustic soda at 71°, and 48 lbs. of calcined soda at 90°, 
rendered caustic, for every 220 lbs. of straw. After boil- 
ing, the dirty ley is drawn o£P, and the boiled straw sub- 
jected to two washings with water. It is then conveyed 
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to the washing-engine, where it is washed for an hour ; 
the drum of the machine should have a sieve or sifter, the 
apertures of which are about 60 to the square inch. The 
washed straw is next dried by centrifugal force in a hydro- 
extractor, until it contains about 70 per cent, of water, 
which is necessary for the action of the chlorine gas. To 
effect this, so as tp obtain not very solid or close cakes of 
straw, the holes of the wixe of the hydro-extractor should 
not be more than 50 to the square inch. The cakes of 
straw thus formed are then exposed to the action of 
chlorine in leaden chambers of the ordinary kind, in which 
they are placed in layers upon hurdles, or upon shelves. 
If the chlorine is produced by hydrochloric acid, for every 
220 lbs. of unboiled straw, 51 J lbs. of the acid at 20° B;, 
and a corresponding quantity of 70 per cent, peroxide of 
manganese are used. After the bleaching operation, the 
acid formed is removed by washing in a washing-engine. 
If a complete reduction of the fibres has not been effected 
by the bleaching, this may be completed by the aid of 
well-known machines, and either before or subsequent to 
the after-bleaching there is used for 220 lbs. of straw 
about 4 J lbs. of chloride of lime, at 35° [per cent. ?] The 
patentee then gives the following explanation : — "As pine 
wood or fir is chemically freed from its colouring principle 
and transformed into fibres as well as cellulose, the object 
of the intense action of the chlorine is to destroy the mu- 
cilage of the straw, as well as the incrusting matters 
which have not been destroyed by the boiling with caustic 
soda, and consequently to strip or expose and open the 
fibres." It will be readily seen that this process bears a 
close resemblance to Mr. C. Watt's wood-pulp process. 

Electrolytic Bleaching {C. Watty jun.'Sy Process). — 
At the present time, when the means of obtaining the 
electric current for practical purposes in the arts have 
so far exceeded that which would have been deemed 
probable sbme forty years since, we find that many 
ingenious processes, which were found to be unpractical 
at that, time from the want of cheap electrical power. 



I 
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have since reappeared in the form of patented inven- 
tions, wKich would seem to possess every merit' — ^but 
originality. 

So long ago as September 25th, 1851, the author's bro- 
ther, Mr. Charles Watt, obtained a patent for, amongst 
other claims, decomposing chlorides of sodium and potas- 
sium, and of the metals of the alkaline earths into hypo- 
chlorites by electricity. It may be well to make a few 
extracts here from his specification in order that some of 
the subsequent patents, to which we shall refer, may be 
traced to what may, perhaps, be considered their true 
origin. In the specification in question, the inventor 
says : — " The third part of my invention consists of a mode 
of converting chlorides of potassium and sodium, and of 
the metals of the alkaline earths, into hypochlorites and 
chlorates, by paeans of a succession of decompositions in 
the solution of the salt operated upon, when induced by 
the agency of electricity Electricity first decom- 
poses the chloride, the chlorine being eliminated at one of 
the electrodes, and the alkaline or earthy metallic base 

at the other electrode The liberated chlorine will, 

when it is set free, combine with a portion of alkali or 
alkaline earth in the solution, and a hypochlorite will be 
formed. The hypochlorite thus formed will, by the con- 
tinued action of heat, be resolved partly into a chlorate of 
the alkali or alkaline earth, and partly into a chloride of 
the metallic base, and the chloride will again be subjected 
to decomposition, and a hypochlorite formed. ... If I 
desire to produce a hypochlorite of the alkali or earth, I 
merely keep the vessel warm . . . and continue the pro- 
cess until as much of the saline matter has been converted 
into a hypochlorite as may be requirisd for the purpose to 
which the solution is to be applied. This mode of form- 
ing a hypochlorite of the alkalies and alkaline earths may 
be used for preparing a bath for the purpose of bleaching 
various kinds of goods, and the bath may be strengthened 
[recuperated] from time to time by the action of the 
electric current." 
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Thus it will be seen that this specification clearly de- 
scribed a process by which the chlorides of soSiura and 
potassium, and of the metals of the alkaline earths (chlo- 
ride of magnesium, for example), may be converted into 
hypochlorites by electrolysis, and the hypochlorite solu- 
tion obtained used for the purposes of bleaching. It would 
appear difficult to conceive how any subsequent patent 
for accomplishing the same thing, and using essentially 
the same means, can claim originality in the face of such 
" prior publication " as was effected by the usual " Blue- 
book," which any person can buy for eightpence. 

Hermite's Process. — ^The following description of this 
process has been furnished by the engineers engaged in 
connection with the process to the Paper Trade Iteview : — 
" Briefly described, the Hermite process consists in manu- 
facturing a solution of high bleaching power by electro- 
lysing an aqueous solution of magnesium chloride. The 
salt is decomposed by the current at the same time as the 
water. The nascent chlorine, liberated from the magne- 
sium chloride, and the nascent oxygen, liberated from the 
water, unite at the positive pole, and produce an unstable 
oxygen compound of chlorine of very high bleaching 
power. The hydrogen and magnesium go to the negative 
pole ; this last decomposes the water and forms magne- 
sium oxide, whilst the hydrogen is disengaged. If in this 
liquid coloured vegetable fibre is introduced, the oxygen 
compound acts on the colouring matter, oxidising it. 
Chlorine combines with the hydrogen to form hydrochloric 
acid, which finding itself in the presence of magnesium in 
the liquid combines with it, and forms the initial chloride 
of magnesium." 

Andreoli's Process. — This process consists, avowedly, 
in bleaching pulps " by means of hypochlorite of sodium, 
produced by electrolytical decomposition of a solution of 
chloride of sodium." In carrying out his process, M. An- 
dreoli uses as an electrolyte " concentrated or non-concen- 
trated sea- water, or a solution of chloride of sodium, the 
specific gravity of which varies according to the quality 
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and nature of the materials to be treated. Grenerally the 
solution to be electrolysed works better with a density of 
8° to 12° B., but although salt is cheap, and the solution 
when exhausted may be regenerated by passing an electric 
current, I always endeavour to have when possible {sic) a 
weak solution, and with some kinds of pulp an electrolyte 
having the density of sea-water (3° B.) is sufficiently strong 
to bleach." 

The foregoing are the only electrolytic processes for 
bleaching fibres that need recording, and we fancy there 
will be little difficulty in tracing the resemblance between 
the two latter and the process of Mr. C. Watt. 

Thompson's Process. — This process, for which a patent 
was obtained on February 3rd, 1883, may be thus briefly 
described : — In bleaching linen fabrics the material is boiled 
for about three hours in a solution of cyanide of potassium 
or sodium — about half an ounce of the salt to each gallon 
of water — to remove the resinous matter from the fibre, so 
that the cellulose may be exposed to the action of the 
bleach. The fabric is then washed, and again boiled for 
three hours more in a similar solution, and after being 
again washed is ready for bleaching. With cotton the 
preliminary boiling is not necessary, unless the material 
is greasy, in which case a solution of half the strength 
and two hours' boiling is sufficient. In ordinary cases 
cotton is not boiled at all, but is simply washed in cold 
water and squeezed. In bleaching, all vegetable fibres are 
treated in the same way, the only difference being in 
point of time. The cotton or linen, after being treated as 
described, is then piled somewhat loosely in an air-tight 
vessel, 9 lbs. of cloth to the cubic foot of space being con- 
sidered sufficient. The vessel is then filled with a weak 
solution of bleaching liquor, consisting of about one ounce 
of dry bleaching powder to each gallon of water. " After 
the vessel has been filled, the liquor is immediately run 
out, and is replaced by an atmosphere of carbonic acid, 
which quickly liberates the chlorine on the fibre, and thus 
decomposes the water, uniting with the hydrogen and 

H 
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liberating the oxygen, the result of which is to bleach the 
fibre or fabric. In about an hour the whole of the bleach- 
ing liquor in the fibre wiU have been thus decomposed, 
and this operation must be repeated until the material is 
of the proper whiteness to be withdrawn from the action 
of the chlorine. The material is then washed and squeezed. 
Chlorine, however, always leaves these materials of a 
yeUowish white." To remove this tint, the material is 
passed through a solution of oxalic . acid — about 2 oz. to 
the gallon — squeezed as it passes out of this solution, and 
then passed through another solution made by dissolving 
\ grain of triethyl rose aniline to the gallon of water, or 
20 grains of indigo, as may be preferred. To this solution 
oxalic acid is added until it becomes of an opaque but bright 
turquoise blue. The material, after washing, is then white. 

The patent describes and illustrates the apparatus to be 
used in conjunction with certain parts of existing appara- 
tus used in bleaching. 

Limge's Process. — In this process acetic acid is used 
in place of hydrochloric or sulphuric acids, etc., to set free 
the chlorine or hypochlorous acid, in the ordinary method 
of bleaching with hypochlorite of lime, or bleaching 
powder, which, the inventor says, " combines all the ad- 
vantages of the materials formerly employed, without any 

of their drawbacks The price is no impediment, 

for a minimal quantity is sufficient, the same being re- 
generated over and over again. At first acetic acid and 
chloride of lime decompose into calcium acetate and free 
hypochlorous acid. In the bleaching process the latter 
yields its oxygen, hydrochloric acid being formed. The 
latter instantly acts upon the calcium acetate; calcium 
chloride is formed and acetic acid is regenerated, which 
decomposes a fresh quantity of chloride of lime, and so 
forth. Consequently the smallest quantity of acetic acid 
suffices for splitting up any amount of chloride of lime. 
.... The hydrochloric acid formed is never present in 
the free state, as. it instantly acts upon the calcium acetate. 
This is very important, since hydrochloric acid weakens 
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th6 fibre by prolonged contact, whilst acetic acid is quite 
harmless. Since there are no insoluble calcium salts pre- 
sent, the operation of ' souring ' after bleaching is quite 
unnecessary ; this not merely saves the expense of acid, 
and of the subsequent washing of the fabrics, but it also 
avoids the danger, especially present in the case of stout 
fabrics, of leaving some of the acid in the stuff, which 
concentrates on drying and weakens the fibre; it may 
also prove injurious in subsequent dyeing operations. 
But in the new process no free acid is present except 
acetic acid, which has no action upon fibre, even in its 
concentrated state and at a high temperature." 

The acetic acid may be employed in various ways, in- 
cluding the following : — A small quantity of the acid may 
be added from the first to the bleaching liquor ; or the 
fabric, after being treated in the ordinary way with a 
solution of the bleaching powder, may be steeped, without 
previous washing, in water containing a little acetic acid ; 
or the fabric may be steeped in water acidulated with 
acetic acid, and bleaching liquor afterwards run in slowly 
and gradually, with continuous agitation in the usual way. 
In the case of hard water, or of impure bleaching liquors, 
a good deal of the acetic acid would be consumed in 
neutralising the lime ; in this case, some hydrochloric or 
sulphuric acid may be added, but only sufficient for the 
purpose, so that no acid but hypochlorous or acetic acid 
exists in the free state. The process is applicable to the 
bleaching of vegetable fibres, whether spun or in the im- 
spun state, and for bleaching paper pulp made from rags, 
wood, straw, esparto, etc. Besides acetic acid, any other 
weak organic acid of an analogous nature may be used. 

Zinc Bleach Liquor. — Strong acids are often objection- 
able for liberating chlorine from bleaching powder, and 
especially in bleaching some classes of paper pulp. If a 
solution of sulphate of zinc be added to one of bleaching 
powder, sulphate of lime is precipitated, and the zinc 
hypochlorite formed at once splits up into zinc oxide and 
a solution of free hypochlorous acid. Chloride of zinc 
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acts similarly ; for a saturated solution of zinc in hydro- 
chloric acid decomposes as much bleaching powder as half 
its weight of concentrated oil of vitriol. — Varrentrapp, 
Consequently zinc salts can be employed in place of 
sulphuric acid, and thus bleach the paper pulp very 
quickly. When this mixture is employed in bleaching 
pulp, the precipitated sulphate of lime resulting from the 
reaction and also the oxide of zinc formed, remain in the 
pulp, and serve as loading materials. 

Alnm Bleach Liquor. — Orioli * recommended for use, 
in paper-mills especially, a bleach liquor made by decom- 
posing equivalent quantities of a solution of chloride of 
lime and sulphate of alumina, formerly known as Wilson's 
Bleach Liquor. Sulphate of lime is precipitated, and 
hypochlorite of aluminium remains in solution; this 
being a very unstable salt can be applied for bleaching 
without the addition of an acid, splitting up into alu- 
minium chloride and active oxygen. Consequently the 
liquid always remains neutral, and the diflSculty caused 
by the obstinate retention of free acid in the fibre, by 
which it is strongly acted upon in drying, in this case 
does not exist. The aluminium chloride also acts as an 
antiseptic, so that the paper stock may be kept for many 
months without undergoing fermentation or other decom- 
position. The solution is allowed to act for about ten 
minutes in the engine. — Lunge. 

New Method of Bleachiag. — ^Young's Paraffin Oil 
Company have recently introduced what they term an 
"intermediate oil for paper-making," to be used with 
alkali in the boiling of rags and esparto, for the purpose 
of increasing the bleaching power of the powder, and pro- 
ducing a softer pulp, at the same time having no smell. 
Several well-known paper-makers have tried, and speak 
favourably of it. The quantity of oil to be added to the 
caustic varies for difierent stock, but may be said to 
average about 1^ gallon per ton.f 

* Wagner's ** Jahresb." 1860, p. 188. 

t Paper-Makers Monthly Journal, March 16th, 1889. 
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Beating. — Mr. Dunbar's Observations on Beating. — Mr. Amot on Beat- 
ing Engines. — Mr. Wyatt on American Refining-Engines. — The 
Beating Engine. — Forbes' Beating-Engine. — Umpherston's Beating 
Engine. — Operation of Beating. — ^Test for Chlorine. — Blending. 

Beating. — One of the most important operations in 
the manufacture of first-class paper is that of heating^ by 
which the half-stufE becomes reduced to a fine state of 
division, and the fibres which, in the condition of half- 
stuff, are more or less loosely held together in a clotted 
state, become separated, and are .thus put into a condition 
in which they will intertwine with each other, or felt, as it 
is termed, when submitted to the vibratory motion of the 
wire-cloth of the paper machine. The beating-engine, or 
beater, as it is commonly called, much resembles in con- 
struction the washing- and breaking-engine, but since it is 
required to still further reduce the pulp to a condition 
suitable for paper-making, the knives of this engine are 
more numerous and are made to revolve more rapidly. 
In this engine the half-stuff is cleansed from bleach, 
hydrochloric or sulphuric acid — whichever acid may 
have been used in the bleaching — chloride of calcium, and 
the various products resulting from the decomposition of 
the chloride of lime. In this engine, also, the loading, 
sizing, and colouring materials are worked up with the 
pulp, and the stuff fully prepared for its final transfer 
direct to the paper-machine. Before describing the various 
forms of beating-engines which have been from time to 
time introduced, including some of the most recent types, 
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to which special attention will be drawn, we purpose 
quoting some observations of well-known experts in paper 
manufacture which will be read with interest, since they 
fully explain the importance that attaches to the proper 
manipulation of the beating-engine for the production of 
paper of high quality. 

Mr. Dunbar's Observations on Beating.— There is 
no operation of the paper-mill that requires more careful 
attention and experienced judgment than that of beating, 
or refining, to bring the pulp to the finest possible con- 
dition for paper-making ; in this department, Mr. Dunbar 
urges, "none but thoroughly efficient men should be 
employed, for it is here that the paper is really made — 
that is, the quality of the paper produced at the paper- 
machine will be in proportion to the treatment the ma- 
terial has received ; and if the half -stuff sent to the* 
beating-engines is not subjected to judicious manipulation 
and careful preparation for the special paper to be made, 
all future doctoring will prove imsatisfactory." 

Mr. Arnot on Beating Engines. — On this subject Mr. 
Amot says : — "Upon the managementof the beating-engine 
the character of the paper produced largely depends. What 
is wanted is not a mincing or grinding of the fibre, but a 
drawing out or separation of the fibres one from another ; 
in fact, the name of the machine indicates pretty accu- 
rately the nature of the action required — beating. Long, 
fine fibres can only be produced [obtained] by keeping the 
roll slightly up o£E the bed-plate, and giving it time to do 
the work. Sharp action between the roll and the bed- 
plate will, no doubt, make speedy work of the fibre, but 
the result will be short particles of fibre only, which will 
not interlace to make a strong felt. Indeed, the action I 
refer to will reduce the long, strong fibre of linen to little 
better than that of wood or straw. Practice and careful 
observation can alone make a good beater-man, and for 
the finer classes of paper none but careful, experienced 
men should be entrusted with the managetaient of the 
beating-engine. Sometimes the operation is conducted in 
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two successive engines, the first being called the inter- 
mediate beater, but I have hitherto failed to see wherein 
the advantage of this system lies. The time usually occu- 
pied in beating esparto for printing-paper is about four 
hours, while for rags the time may vary from four to 
twelve hours, or even more." This, however, depends 
upon the nature of the rags themselves, and the purposes 
to which they are to be applied. 

Xr. Wyatt on AmericaA Sefining-Engines- — ^Refer- 
ring to the engines adopted in America, Mr. Wyatt says : 
— " There are various modifications of the original Jordan, 
the principal ones being the Marshall, Jeffers, and im- 
proved Jordan ; but I gathered that experience proves 
the Jordan type to be the most practical and efficient 
in the end, and is one of the most generally used. One 
Jordan is required for each machine, refining all the 
stufE supplied to it. The roll, or plug, runs from 350 to 
400 revolutions per minute, the horse-power consumed 
varying from 25 to 40 horse-power according to the work 
done, and an engine will do up to 1,000 lbs. of pulp 
per hour. The time saved in the beating-engine by the 
use of the Jordan is just about one-third of what would 
otherwise be necessary, that is to say, pulp requiring 
otherwise six hours beating only takes four hours if 
finished in the Jordan. The half-beaten pulp is emptied 
into a stufi-chest, and the Jordan is furnished with a small 
stuff -pump and service-box, just as at the paper-machine 
what the Jordan does not take flows back again into the 
chest : the pulp from the Jordan is run into the ordi- 
nary machine stuff-chests. The finished pulp can be 
taken from the Jordan at three different levels from the 
circumference of the roll, or plug. If the pulp is wanted 
'free,' it is drawn from the bottom of the engine; if 
wanted * wet,' or well greased, it is drawn from the top ; 
and if medium from the centre." 

The Beating -Engine. — The ordinary form of beater 
consists of a cast-iron trough 13 feet 6 inches long X 6 feet 
6 inches wide, and the bottom is dish-shaped, so as to 
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prevent the pulp from lodging, which would inevitably 
be the case if the bottom were flat, as the pulp would 
be apt to lodge in the angles formed by the junction of 
the bottom with the vertical walls of the trough. The 
iron trough is fitted with a cast-iron roll, 3 feet 6 
inches X 3 feet 6 inches, which is provided with 69 " roU- 
bars," or knives, arranged in 23 groups of 3 bars each ; 
this roll is suspended upon a malleable iron shaft 
5 inches in diameter, resting upon side levers ; suitable 
gearing is attached by which the roll can be lifted or 
lowered at will, the action being uniformly equal on both 
sides, by which the knives of the roll are kept uniform 
with those of the bed-plate beneath. The bed-plate, fur- 
nished with 20 steel knives, of the same length as the 
roll, is placed immediately beneath the roll. When the 
knives of the bed-plate are straight they are fitted into 
the plate-box at an angle, but in some cases they are bent 
at a slight angle, when they are termed elbow plates. 
There have been, however, many improvements in the 
beating-engine introduced of late years, some of which 
are ol considerable importance, and to some of these we 
will now direct attention. Although our own manufacturers 
have introduced improvements in beaters which have been 
fully recognised by the trade, the American engineers 
have not been behindhand in devising modifications 
which appear to have some important advantages. The 
Jordan beater, which has been extensively adopted in 
the States, consists of a roll in the form of a truncated 
cone, furnished with knives in the usual way ; this revolves 
in a box of a similar form, fitted with knives in the direc- 
tion of its length, but at slightly different angles. In 
this engine the stuff enters at the narrow end through 
a box having an arrangement which regulates its flow, 
and the pulp is discharged by several openings in the 
cover at the wider end. In an engine invented by Mr. 
Kingsland there is a circular chamber furnished with 
knives covering its sides ; between this is a circular plate, 
also fitted with knives, which revolves. The stuff enters 
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through a pipe in the centre of oae of the sides of the 
chamber, and flows out through an opening in the oppo- 
site aide, 

Forbfls' Beating Engine. — This engine, an illustration 
of which is given in F^, 21, is manufactured by Ber- 
trams, Limited, of St. Katherine's Works, Edinburgh. 
The engine has three chambers, two rolls, and a mixing 
wheel ; the rolls, only one of which is uncovered in the 



fig. 21. 

engraving, are fixed in the outer channels, and the mixing 
wheel is placed in the middle' channel. By this arrange- 
ment the pulp flows alternately into the two outer chan- 
nels, and after passing through the rolls again it enters 
the centre channel at the opposite end. 

Umpherston's Bentingr Engine. — This engine, for 
which a patent was granted in 1880, has been successfully 
adopted at the Daily CAronicle and other mills, and pre- 
aeats several important advantages, one of the chief being 
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that it occupies much less ground space than ordinary 
beating-engines. Indeed, we have heard it remarked of 
this engine that it will do double the amount of work in 
the same ground space as the ordinary engine, and this, 
in some mills, would be a decided advantage. The con- 
struction of this beater, a drawing of which is shown in 
Fig. 22, is thus described by the patentee : — " In the 
common and almost universal form of engines used for 
preparing pulp for paper-making, the pulp travels hori- 
zontally in a trough with semi-circular ends, and straight 




Fig. 22. 

sides, partly divided longitudinally by a partition called 
the midfeather, around which the pulp flows from the 
back of the roll to its front, where it passes under the roll 
and over the bottom working-plate, and is again delivered 
over the back fall to pass again round the midfeather to 
the front of the roll. In the course of these repeated 
revolutions part of the pulp near the circumference of the 
tub has much farther to travel than the part near the mid- 
feather, and consequently is not so often operated upon, 
and the pulp is thus unequally treated. As an improve- 
ment upon this form of tub, I make it so that the pulp 
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passes from the back of the roll to its front through a 
longitudinal passage under the back fall, the pulp thus 
moving as through an inverted syphon, the superincum- 
bent weight of the semi-fluid pulp, as delivered over the 
back fall of the roll, pressing it along this passage and 
upwards, to enter again in front of the roll. The roll a, 
bottom plate b, and the form of the back fall c, are similar 
to those of ordinary engines, but the trough is formed 
with the passage d under the bottom plate b, so that the 
semi-fluid contents of .the engiae, ia travelling from the 
back fall c to the front of the roll a, pass by means of the 
passage d under the bottom plate b in the direction indi- 
cated by the arrows, the superincumbent weight of the semi- 
fluid pulp, as it is delivered over the back fall c at the back 
of the roll a, pressing it along the under passage d and up- 
wards to the front of the roll a. The position of a drum- 
washer is shown at e, and at r is seen a section of the 
cross shaft for raising or lowering both ends of the roll a 
simultaneously ; g is the roll cover, which may be of any 
usual form. By this invention the semi-fluid pulp is 
acted upon in a more effective manner, and its particles are 
also more equally treated than has hitherto been the case." 

The beating-engines are usually driven from a separate 
engine, but Messrs. Bertrams have introduced a system of 
direct driving for these engines by which, it is said, there 
is a considerable saving in power. The accompanying 
engravings. Figs. 23 and 24, show a series of eight beaters, 
each carrying 300 lbs. of pulp, driven by one of their com- 
poimd direct-driving steam-engines, and now being worked 
at the Forth Paper Mills. 

Operation of Beating. — ^Having referred to some of 
the more important improvements connected with the 
beating-engines, we will proceed to explain the opera- 
tion of beating as briefly as possible. The bleached 
half-stufE is removed from the tray of the press in 
caked masses, and in this condition is conveyed in trucks 
or boxes to the beating-engine. The first thing to 
be attended to is the removal of the last traces of chlorine 
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from the pulp, which, if not effectually done, would cause 
injury to the size, and also corrode the strainer plates 



and wire-gauze of the paper-machine. It ia possible 
to wash out the chlorine by an abundant application of 




pure water, but this method of removing (;he chlorine is 
very tedious and occupies a long time, while it also involves 
the use of enormous quantities of water— a serious consi- 
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deration in some mills ; to this may be added the still more 
important fact that by the method of washing out the 
chlorine a considerable loss of fibre takes place. The plan 
most usually adopted is to neutralise the chlorine left in the 
pulp by the application of suitable chemical agents, whereby 
the chlorine is rendered inert. These agents, technically 
termed " antichlors," are sometimes objected to, however, 
although they are in themselves practically harmless so far 
as their action upon cellulose is concerned. Mr. Amot, 
who has considered this subject very thoroughly, says : — 
** I do iiot think there is much in this objection, as those 
agents that are soluble pass through the wire of the 
machine almost completely, while those that are insoluble 
are in the finest possible state of division and pearly white. 
The chemical agent most largely used is hyposulphite of 
soda, but hyposulphite of lime is also, employed, and 
those agents, known by the name of * antichlor,' are put 
into the engine in such a quantity as will ensure the 
neutralisation of the whole of the chlorine. The pro- 
ducts of the reaction, when the soda salts are used, are 
chloride of sodium (common salt) and sulphate of soda 
(Glauber's salt), and, when the lime salt is used, chloride of 
calcium and sulphate of lime, the latter identical with the 
pearl hardening so well known as a loading agent." From 
this it will be seen that little or no harm can possibly 
occur either to the fibre or the metal work of the machine 
by the employment of the neutralising agents named, and 
when it is borne in mind that the simple washing of the 
pulp would occupy the beating-engine for a lengthened 
period and exhaust a considerable quantity of water — ^which, 
as we have said, would in some mills be a serious matter — 
the adoption of the neutralising method would undoubtedly 
have the preference. 

The engine, being partly filled with water, is set in 
motion, and the bleached half- stuff introduced in small 
quantities at a time, each portion being allowed to become 
thoroughlj'^ mixed with the water before the next batch is 
added. The charging of the beater with half ^stuff is kept 
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up until tlie mass becomes so thick that it wiQ only just 
move in the trough under the action of the revolving roll. 
If the beater is of the older type, portions of the pulp are 
liable to lodge in corners, to remove which the " beater- 
man " uses a wooden paddle, with which tool he also pushes 
the slowly moving pulp in the direction of the roll, espe- 
cially when the stifE mass appears to move too slowly. 
At this stage the neutralisation of the chlorine in the 
pulp is effected, which is done by addtag a solution of 
hyposulphite of soda, a little at a time, until the liquor 
ceases to redden blue litmus paper, strips of which 
should be dipped into the pulp every few minutes until 
the paper persistently retains its blue colour. This 
operation should be conducted with great care, so as to 
exactly neutralise the traces of chlorine without adding an 
excess of the hyposulphite of soda. Besides this salt, 
other substances are used as " antichlors,'' as, for example, 
hyposulphite of lime, which is prepared by boiling milk of 
lime (slacked lime made into a thin mixture with water) 
and flour of sulphur in an iron vessel \mtil the latter is 
dissolved, when, after cooling and settling, the resulting 
solution, which is of an orange -yellow colour, is ready for 
use. One great objection to the use of hyposulphite of 
lime, however, is that when decomposed by the chloride of 
lime remaining in the pulp sulphur is set free, which, 
mingling with pulp, will impart to it a yellow tint ; be- 
sides this, in passing over the drying cylinders of the 
machine the sulphur present in the paper may attract 
oxygen from the air, converting it into sulphuric acid, 
which must inevitably prove injurious to the manufactured 
paper. Sulphite of soda has also been used as an antichlor, 
and is said to be preferable to hyposulphite of soda,* inas- 
much as the latter salt is liable to decompose with the 
liberation of free acid, which is not the case with the 
sulphite of soda. 

Test for Chlorine. — Instead of relying solely upon the 
litmus paper test when applying the antichlor, the follow- 

* Sometimes also called thiosulphite of soda. 
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ing test for chlorine may also be used with advantage : — 
Take 2 drachms (120 grains) of white starch, and make it 
into a paste with a little cold water ; then pour over it 
about half a pint of boiling water, stirring briskly ; to this 
add 1 drachm of iodide of potassium, and stir until dis- 
solved and well incorporated with the starch solution. 
The mixture is then to be allowed to cool, wheli it is 
ready for use. A few drops of this mixture dropped 
upon a small sample of the pulp will indicate if any 
chlorine be present by the spot assuming a blue colour ; 
if such be not the case, the pulp may be considered free 
from chlorine. 

During the beating, the roll, which should make not less 
than 220 revolutions per minute, is lowered, a little at a 
time, so that the cutting edges of the bars and plate may 
be brought together gradually and equally until the pulp 
is reduced to the desired condition. The pulp is made 
long or short according to the quality of paper to be pro- 
duced ; news papers, which require strength, are made of 
long-fibred pulp, while writing paper, or paper of fine 
texture, is made of shorter pulp. The stiiff should be 
what is called " mellowed " in the engine, which is effected 
by a judicious working of the roll, not lowering it sud- 
denly but gradually, and not much at one time, on the 
plate, until the pulp attains the fineness required. This is 
generally arrived at in about three and a half to four 
hours, though sometimes the beating of pulp from rags 
is continued for more than double that time. It should 
be added that if the cutting edges of the roll and plate 
are brought together suddenly and too closely, the fibre 
will be cut, and as a consequence the paper produced will 
be tender. 

Esparto, which, in the process of boiling becomes re- 
duced to such a soft condition that the fibres may be readily 
separated by the fingers, does not require such excessive 
beating as rags ; indeed, the perfect disintegration of the 
fibres of esparto is practically accomplished in about half 
the time occupied by rags, and- often much less, but this of 
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course depends upon the nature of the esparto itself and 
upon the thoroughness of the boiling. Wood pulps also 
require but moderate beating, since the process of disin- 
tegration is generally pretty effectually accomplished by 
the processes to which the raw material is subjected in the 
course of manufacture into half-stuff, which is the condi- 
tion in which this paper material is furnished to the 
manufacturer. 

Blending. — To produce papers of the different qualities 
required by the trade, a system of blending is adopted, 
which may be effected — (1) by mixing the materials in the 
raw state, or the rags, previous to boiling ; and (2) blend- 
ing the half -stuff in the beating-engine. The latter method, 
however, is generally preferred. Sometimes, also, pulps of 
diflferent character are beaten separately and then mixed 
in the stuff-chests, where they are mixed as thoroughly as 
possible before passing on to the machine, but this method 
would be less likely to ensure a perfect mixture of the 
respective pulps than would be effected with proper care in 
the beater. The proportions of the several materials to be 
blended is also a matter of important consideration. In 
blending esparto with rag stuff, if the former be in excess 
it becomes reduced to the proper condition before the latter 
is sufficiently fine, which causes the rag fibre to appear in 
" knots and threads " in the manufactured paper. But if 
the rag stuff be allowed to predominate, the beating is 
conducted as though no esparto were present, by which, 
while the rag stuff becomes reduced to the proper length 
of fibre, the esparto, which is still further reduced, in 
mingling with the longer fibre of the rags forms what is 
called a " close '' paper. Mr. Dunbar, in his useful little 
work, " The Practical Paper-maker," furnishes a series of 
receipts for blending for high-class papers, as also the pro- 
portions of colouring matter to be used, which the reader 
will do well to consult. For news papers, esparto and straw 
pulps are generally used, in varying proportions according 
to the nature and quality of the esparto ; these proportions 
have to be regulated according to the judgment of the 
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paper-maker, and vary greatly at different mills. A large 
quantity of sulphite and other wood pulps are also used, 
those coming from Scandinavia and Germany being espe- 
cially suited to the requirements of the EngUsh manufac- 
turer. Mechanical wood pulp is also used in a moderate 
degree — sometimes up to 15 per bent., in some English 
mHls, but it is said that in Germany this paper stock is 
sometimes used to the extent of 90 per cent. 
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Loading. — The very finest qualities of paper are usually 
made without the addition of any loading y as it is called, 
but for most other papers more or less loading material is 
added, according to the quality of paper to be produced. 
The loading material used for ordinary qualities is kaolin, 
or china clay, and for the better qualities sulphate of lime 
or pearl hardening, as it is termed in the trade. China clay, 
as it occurs in commerce, is in the form of soft lumps and 
powder, is nearly white, and when rubbed between the 
finger and thumb should present no hard particles of gritty 
matter. To prepare it for mixing with the pulp it is first 
worked up into a thin cream with water, which is usually 
done in a vessel furnished with an agitating arrangement 
by which the clay becomes intimately mixed with the 
water. The cream is then strained through a fine sieve 
to separate any impurities present, and is then allowed to 
flow into the beating-engine containing the stuff while in 
motion, by which it soon becomes mingled with the pulp. 
The proportion of china clay or other loading material 
which is to be introduced into the pulp depends upon the 
quality of the fibre and the requirements of the manufac- 
turer, some makers using less of the material than others. 
From 3 per cent, to 10 or 15 per cent, appears to be about 
the extreme range for employing the material as a neces- 
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eary ingredient in the production of various classes of 
paper, above which figures the addition of loading material 
may be considered as an adulteration. Sometimes neariy 
twice the largest amount named is employed, no doubt to 
meet the exigences of keen competition — ^from foreign 
sources especially. 

One effect of the loading, whether it be china clay or 
sulphate of lime, is to close the pores of the paper, 
whereby a smoother surface is obtained, while at the same 
time, if the material has been used in proportions suited 
to the quality of the fibre, and not in immoderate excess, 
a stronger paper is produced. A sj)ecies of asbestos termed 
agalite has been introduced as a loading material, and since 
it has a fibrous texture, it blends with the fibres of the 
pulp, forming, as it were, a vegeto-mineral paper. It is 
stated that as much as 90 per cent, of the agalite used in 
the beating-engine enters into the manufactured paper, 
while not much more than half the china clay used is held 
by ther pulp. 

Sizing. — ** Engine sizing," as it is termed, consists in 
adding certain ingredients to the pulp while in the beating- 
engine. The materials generally used are alum and resin 
spap, in proportions suitable to the paper to be produced. 
S.esin soap is formed by boiling ordinary resin in a 
jacketed pan such as_is used by soapmakers for preparing 
small quantities of fancy or other soaps, with a solution of 
soda crystals in the following proportions : Resin, 16 lbs. ; 
soda crystals dissolved in water, 8 lbs. ; and the boiling is 
kept up for about two hours, or until a soap is produced 
which is perfectly soluble in water. The method of pre- 
paring this soap as conducted at the soapworks has been 
described in the author's work on soap-making,* p. 64, from 
which the following abstract is taken : '* Put into a pan 
capable of holding about 12 gallons, 2J gallons of fresh 
caustic soda ley at 30° B. Apply gentle heat, and when 

♦ " The Art of Soap-making." By Alexander Watt. London, Crosby 
Lock wood and Son, 4th edition, 1890. 
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the ley begins to boil throw in, every few minutes, in 
small quantities at a time, finely powdered and sifted resin 
until 37 lbs. have been introduced. The mixture must be 
well stirred the whole time to prevent the resin from 
' clogging ' and adhering to the pan. It is important to 
moderate the heat, as the resin soap has a great tendency 
to expand and an excess of heat would cause it to boil 
over. The heat, however, must be kept to near the boil- 
ing point, otherwise the mass will become thick and of a 
very dark colour. When kept at near the boiling point it 
is always clear and its colour of a reddish yeflow. If, 
during the boiling, the resin soap rises and threatens to 
overflow, the heat must be checked by throwing in a little 
cold water, only using sufficient to effect this object. It 
is absolutely necessary to stir the mass continually, other- 
wise the resin will agglomerate in masses and thus prevent 
the alkali from acting freely upon it. The boiling takes 
about two hours, when the soap is run into an iron frame 
and allowed to cool. It is very important that the resin 
used is freed from particles of wood, straw, etc., for which 
purpose it should be passed through a tolerably fine 
sieve.*' 

Respecting the preparation of resin soap, Davis says: — 
"The proportion of resin used to each pound of soda ash 
varies in different mills, 3, 4, or even 5 lbs. of resin being 
used to each pound of soda ash. The proportion of resin, 
soda ash, and water, can be best determined by practical 
experience, as no prescription could be devised which 
would be suitable to every case. M. d'Arcet, who modi- 
fied the proportions recommended by M. Bracconot, 
recommends for the preparation of resin soap — 

Powdered resin 4*80 parts. 

Soda crystals at 80° (French alkalimeter) . .2*22 



Water . . . . • . . . .100 



>» 
)» 



Theoretically speaking, only 2*45 parts of alum would be 
required to precipitate the resin ; but the waters, which 
are almost always calcareous^ neutralise part of the alum. 
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Crystals of soda are mucli more expensive than soda ash, 
but on account of their greater purity they are sometimes 
preferred to the latter. At the present day the resin soap 
is preferably made by dissolving ordinary resin with a 
solution of carbonate of soda under boiling heat in a steam- 
jacketed boiler, the class of paper to be made governing 
the quantity of resin to be employed. The boiling usually 
requires from two to eight hours, according to the rela- 
tive proportions of soda ash and resin used — ^the greater 
the proportion of soda used the less time is required for 
boiling — the process' being completed when a sample of the 
soap formed is completely soluble in water. . . . About 
3 lbs. of resin to 1 lb. of soda is the usual proportion. The 
resin soap is cooled after boiling by running it into iron 
tanks, where it is allowed to settle, the soap forming a 
dense syrup-like mass, and the colouring matters and 
other admixtures of the resin rising to the top are easily 
removed. It is important to run ofE the mother liquor 
(ley) containing the excess of alkali, for when the soap is 
used it consumes the alum to neutralise it." 

When the impurities and ley have been removed the 
soap is dissolved in water, and if, from imperfect boiling, 
a portion of the resin is found not to have been saponified, 
a small quantity of a strong solution of soda crystals is 
added to the water used for dissolving the soap. 

Where starch is used for stiffening purposes, the soap is 
mixed with a quantity of starch paste in the proportion of 
\\ part of starch to 1 part of resin soap. Some manufac- 
turers, Mr. Davis states, mix the starch paste with the 
kaolin in lieu of mixing it with the resin soap. In either 
case the materials should be thoroughly strained before 
being added to the pulp. From 3 to 4 lbs. of the mixture 
of r^sin soap and starch paste to each 100 lbs. of dry pulp 
are about the proportions in which the size is generally 
used, but 4;he quantity added to the pulp in the beater de- 
pends upon whether the paper is to be soft-sized or. hard- 
sized. 

Sizing is chiefly applied to papers which are to be writ- 
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ten upon with ordinary inks, and also, with a few excep- 
tions, to printing papers, the object being to close the 
pores of the paper and render it non-absorbent, by which 
the spreading or running of the ink is effectually pre- 
vented. While the finest lines may be written upon a 
well-sized paper (as ordinary writing paper, for example) 
without spreading in the least degree, a similar stroke of 
the pen upon blotting paper, tissue, or unsized printing 
paper would spread in aU directions, owing to the highly 
absorptive property of the cellulose. 

The sizing of the pulp is conducted as follows : — ^After 
the loading material has been introduced and well mixed, 
the resin soap, previously dissolved in water, a little 
carbonate of soda being sometimes added, is mixed with a 
paste of stjarch prepared by dissolving starch in boiling 
water, and the mixture of soap and starch is then passed 
through a fine sieve to keep back any particles or lumps 
that may be present. The proportion of the materials 
used in sizing vary at the different mills, each manufacturer 
having formulae of his own ; about 1 part of resin size to 
3 of starch paste, and, say, from 9 to 12 lbs. of the mix- 
ture, may be used for 300 lbs. of pulp ; and; if preferred, 
the respective ingredients may be put into the engine 
separately, a method adopted at some mills. Some manu- 
facturers of the finest papers, instead of dissolving the 
starch in hot water, make it into a thin paste with cold 
water, in which condition it is introduced into the pulp, 
the object being to impart to the paper a particular 
feeling to the touch which is not obtainable by other 
means. 

.The mixture of resin size and starch paste, with or 
without the addition of water, is added to the pulp in the 
beater, in which the pulp is circulating, and the engine 
allowed to run until the materials are well incorporated in 
the pulp. At this stage a solution of alum (about 28 to 
30 lbs. for 300 lbs. of pulp), or of sulphate of alumina,*i8 
introduced, which causes the resin soap to become " sepa- 

* Sometimes called " concentrated alum,** ** pearl alum,** etc. 
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rated/' the sulphuric acid of the alum uniting with the 
alkali of the soap and setting the resin and alumina free 
in the form of minute particles ; the resin in the subse- 
quent drying on the calenders becomes fused, as it were, 
and thus cements the fibres and alumina together, at the 
same time rendering them non-absorbent and improved in 
whiteness by the precipitated alumina.' Sometimes ordi- 
nary soap is added to the resin soap, which is said to 
impart a higher finish to the paper in the operation of 
calendering. 

The so-called " concentrated alum," which contains 
a higher percentage of sulphate of alumina than the 
crystallised alum, is considered the most economical in use, 
being proportionately cheaper, and the variety known as 
"pearl alum" is specially recommended. "Aluminous 
cake " is another preparation which has found favour in 
many mills, but since it sometimes contains a large excess 
of free sulphuric acid it requires to be used with caution, 
since this acid, although it will brighten the colour of 
some aniline dyes, will discharge the colour from others, 
while at the same time it may injuriously affect the brass- 
wire cloths of the paper machine. The alum solution 
should be prepared in a lead-lined tank, fitted with a steam 
pipe for heating the contents when required. 

llie proportions of the materials used in sizing differ 
considerably in different mills, but the following may be 
taken as an average for common writing and printing 
papers : — 

Per 100 parts of dried pulp 10 to 12 parts of resin. 
,, ,, ,, 20 ,, 30 ,, starch. 

„ „ „ 10 „ 12 „ alum. 

To the sizing solution is generally added from 30 to 50 
parts of kaolin. When a colour is present on which alum 
would have a prejudicial effect this is usually replaced by 
about one-third of its weight of sulphate of zinc. Many 
mineral substances have from time to time been added to 
paper stock, principally to increase its weight, and in 
1858 Shell took out a patent for adding carbonate of lime, 
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a -substance which, however, had long been fraudulently 
used in order to increase the weight, but he found it to 
have the property of fixing the ink in the pores of the 
paper, thus rendering it immovable. The only useful 
addition is kaolin, or some similar aluminous compound, as 
it attaches itself to the fibre, and, while giving the required 
opacity and a good surface, takes both printing and writing 
ink well, and has the advantage, from a manufacturer's 
point of view, of increasing the weight. It has been 
proposed that small quantities of glycerine be added to 
the pulp, in order to give the paper greater flexibility, and 
especially to give copying-paper the quality of. taking up 
colour readily.* 

French ISetliod of Preparing Engine Sise. — ^Thirteen 
pails of water are boiled in a copper- jacketed pan capable * 
of holding about 150 gallons ; 90 lbs. of soda crystals are 
then introduced and allowed to dissolve, when 200 lbs. of 
finely-powdered resin are gradually introduced, with con- 
stant stirring, and the boiling is sustained for about two 
hours after the last portion of resin has been added. A 
further addition of water is now made by putting in five 
pails of cold water, and the water is then boiled for an 
hour and a half longer. The resin soap is then transferred 
to stock-chests, in- which it is allowed to remain for ten 
days or longer, fresh batches being prepared in rotation, 
to meet the requirements of the mill. 

To determine whether an excess of resin soap or of 
alum has been added to the pulp, red and blue litmus 
papers should be employed, the former turning blue if an 
excess of resin soap be present, and the latter red when 
alum or sulphate of alumina is in excess. For uncoloured 
papers the aluminous material should be added until the 
pulp becomes faintly acid, which will be indicated by the . 
blue litmus paper turning slightly red when immersed in 
the pulp. 

Besides resin soap, various substances have! been pro- 
posed as sizing materials, .including wax dissolved in a 

* Muspratt's " Chemistry Applied to the Arts." 
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strong solution of caustic soda and precipitated witli alum, 
but the- cost would be an objection to the use of this mate- 
rial except for the highest classes of paper. It is stated 
that 12 lbs. of gum tragacanth to each 500 lbs. of resin has 
been used in preparing some kinds of engine- sized papers, 
and is said to impart to them an appearance equal to that 
of tub-sized papers. 

Zinc Soaps in Sizing. — ^According to a paragraph in the 
Papermakers^ Monthly Journal, a somewhat novel method 
of sizing is employed in Germany, which consists in the pre- 
cipitation in the stock of zinc soaps. Cottonseed oil soap 
or Castillo soap is worked up in the engine with the stuff, 
and after it has become well mixed with the pulp a solu- 
tion of sulphate of zinc is added, which results in the 
formation of a white and heavy zinc soap, which is inso- 
luble, and adheres well to the fibres. The weight and 
whiteness of the zinc soap are the main points in favour 
of this method, which is said to yield good results. 

Coloiiring.-7-The pulp, after passuig through the various 
processes described, although apparently white, invariably 
presents a yellow tinge when converted into paper. To 
obviate this it is usual to " kill '* the yellow tint by adding 
to the pulp small quantities of blue and pink colouring 
matters. The blue colours generally used are ultramarine, 
smalts, and various aniline blues, and the pinks are usually 
prepared from cochineal, either in a liquid form or as 
" lakes '* (compounds of cochineal and alumina) or aniline 
dyes, the former being preferable, as it is not injuriously 
affected by the alum used in sizing. The ultramarine 
should be of good quality, otherwise it will become decom- 
posed, and its colouring property destroved by the action 
of the alimi, but more especially so if the alum contains 
an excess of free acid. Smalts blue, which is a kind of 
coloured glass, is not affected by acids. In preparing the 
colouring matters for mixing with the pulp they must 
first be mixed with water, and the liquid should then be 
strained, to keep back any solid particles that may be pre- 
sent in the material. Aniline blues should be dissolved 
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in hot water, or alcohol, and then diluted. Samples of the 
pulp are examined from time to time until the desired 
effect is pi*oduced,. which the practised eye of the beater- 
man can readily determine. 

Animal or trnb-sising- — ^Another process of sizing, 
termed "aniraal*sizing,'' "tub-sizing,*' or " surface-sizing," 
is also adopted in the manufacture of certain classes of 
paper, and is either accomplished by hand or on the ma- \ 

chine. The former method having been elsewhere described ., 
(p. 132) we will now describe the operation of sizing on the 
machine, to which the term tub-sizing is also applied. The 
size employed, which is prepared from what are called 
"glue pieces," or clippings of "limed" and unhaired 
skins of animals, requires to be as colourless as possible, in 
order that the colour of the paper may not be injuriously 
affected by it. 

Preparation of Animal Size. — This operation is gener- 
ally conducted at the mill, the materials from which the ■ 
size is produced being the cuttings or parings of animal 
skins and hides, ox peltSy which have undergone the pro- 
cesses of "liming" and unh airing preparatory to being 
tanned. The cuttings, or pates, commonly called " glue 
pieces/' are first soaked in a mixture of lime and water, 
placed in large tubs for several days, after which they are 
put into a wooden cylinder, or drum, five or six feet in 
diameter, and about ten feet in length, which revolves upon 
a horizontal shaft, which, being hollow, admits the passage 
of water to the interior of the drum. The drum is per- 
forated, and revolves in a large tank, while a continuous * I 
stream of water is allowed to pass through it, and the \ 
dirty water escapes through the perforations in the drum. 
When the cuttings are sufficiently cleansed in this way, 
they are transferred to an iron copper, furnished with a 
false bottom .and steam-pipe, or a jacketed pan. The 
cuttings are next covered with water ; steam is then turned 
on, and the liquid brought to a temperature below boiling 
point, or say, about 180° to 190° F., it being very im- 
portant that the liquid should not actually boil. This . 
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operation is carefully kept up for twelve to sixteen hours, 
according to the nature of the cuttings, by which time all 
the material excepting any membranous or fatty matters 
that may be present, will have become dissolved and a 
solution of gelatine obtained. The liquor is then allowed 
to settle for a short time to allow fatty matters to rise to 
the surface and membranous substances to deposit, and the 
fatty matters must afterwards be carefully removed by 
• skimming. The liquor should next be strained to separate 
any floating particles of a membranous character. Some- 
times the gelatine solution is clarified by adding a small 
quantity of powdered lime, which is thoroughly mixed by 
stirring, after which it is allowed to rest. When it is 
found that the impurities and lime deposit too slowly, a 
little weak sulphuric acid is added, which, forming an 
insoluble sulphate of lime, the solid matters quickly sub- 
side, leaving the liquor quite clear. The solution is next 
filtered through felt, and is afterwards treated with a 
solution of alum, which at first causes the liquid to thicken 
and become nearly solid, but it becomes fluid again, how- 
ever^ on the addition of more alimi solution. When this 
condition is finally attained, the liquid is ready for use in 
the process of sizing. The addition of the alum (which 
should not contain any free acid) to the gelatine greatly 
improves its sizing property, besides preserving it from 
decomposition. The treatment of the glue pieces for 
the purpose of obtaining gelatine solutions is fully de- 
scribed in the author's work on " Leather Manufacture," 
p. 401.* 

ilmerican Method of Sizing. — ^Another method of pre- 
paring size, and which is adopted in America, is the follow- 
ing : — In large paper mills the size is generally prepared in 
a room devoted to the purpose, and is commonly situated near 
the machine. The finest grades of light hide and skin clip- 
pings are used for No. 1 letter papers, but less costly stock 
is employed for the lower grades of animal-sized papers. 

♦ "Art of Leather Manufacture." By Alexander Watt. Cr68by 
Lockwood and Sonj 1885. 
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To preserve the glue pieces tlie tanners and tawers macerate 
the clippings in milk of lime and afterwards dry them. 
As the clippings require to be freed from the lime, the 
first treatment they receive at the paper-mill is to put 
them in large wooden tubs partly filled with water, in 
which they are allowed to soak for several days. They 
are afterwards more perfectly cleansed by means of a drum- 
washer, such as we have before described. Fresh hide and 
skin clippings, that is, those which have not been limed and 
dried at the tanneries, and which are occasionally purchased i 

by the paper manufacturers, require to be used as soon as 
possible after they arrive at the mill as they readily decom- 
pose, and are placed in tubs partly filled with water, in 
which 2 per cent, by weight of caustic lime has been dis- 
solved. The pieces, if from calfskins, are allowed to 
remain in the lime bath for ten to fifteen days, clippings 
of sheepskins fifteen to twenty days, and trimmings from 
heavy hides, as ox, etc., twenty-five to thirty days, the * 

milk of lime being renewed once or twice a week, and the 
material well stirred from time to time. The glue-stock, 
as it is sometimes termed, is afterwards thoroughly washed 
in the drum- washer, and when this operation is complete 
the material is spread out in the yard to drain, and when 
sufficiently dried ia ready for boiling, or may be stored 
until required for use. 

To prepare size from the material treated as described, 
it is placed in a boiler of cast or wrought-iron or copper, 
furnished with a perforated false bottom, and capable of 
holding from. 100 to 400 lbs. of the raw material, accord- i 

ing to the requirements of the mill. Several such boilers 
may be placed close to each other. At the bottom of the 
boiler is a stop-cock for drawing off the gelatine solution 
when required. When the requisite charge of 'glue-stock 
has been introduced into the boiler, water is poured over 
it and steam turned on, which passes through a pipe fixed 
beneath the false bottom, and care is taken that the tem- 
perature of the contents of the boiler should not exceed 
200° F., which heat is kept up for ten to eighteen hours. 
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according to the nature of the materials treated. The 
gelatine solution* is drawn oflf from the boiler as it is 
formed, into wooden tubs, and at the same time carefully 
strained to remove membranous matters and suchlike 
impurities. Several boilings are made from the same 
batch of glue-stock, and all the solutions are afterwards 
mixed together in the receiving tubs, and a solution of 
alum is added in such proportions as to be recognised by 
tasting the liquor. One object in adding the alum being 
to prevent the gelatine from decomposing, more of this 
substance should be added in warm than in cold weather. 

When the solutions are cool they are ready for use, and 
the gelatine is removed from the receiving tubs and dis- 
solved in a separate tub as required for use, the dissolving 
tub being provided with a steam-pipe. The proportion 
of water — ^which should only be lukewarm — used in 
dissolving the gelatine varies from a quarter to half 
the bulk of the latter, the nature of the fibre and thick- 
ness of the paper regulating the proportion of water to 
gelatine, the strength of the size liquors being greater for 
thin papers and weak fibres than for thick papers and 
strong fibres. 

The operation of sizing is considered one of the most 
difficult and uncertain wim which the paper-maker has to 
deal, since the material (gelatine) is greatly influenced by 
the conditions of the atmosphere, both as regards its tem- 
perature and humidity, while the temperature of the 
liquid size itself has also an important influence on the 
success of the operation. The condition of the paper, 
again, also affects the result, for if it be highly porous it 
will probably be weak, and consequently there may be 
considerable waste during the process of sizing from the 
necessary handling it is subjected to ; moreover, should the 
paper have been blued with ultramarine, a strongly offen- 
sive odour is often imparted to it ; this, however, may be 
obviated by employing fresh size and drying the paper as 
completely as possible. There are two systems of animal- 
sizing employed at the mill, namely, hand-sizing and 
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machine-i^izing, which is also called tub-sizing, the former 
being applied to papers of the finest quality. Papers that 
have been made by the machine, after being cut into 
sheets, are hand-sized, as described in the next chapter. 

Kachine-Sisiiig. — The lower-priced papers, to be ma- 
chine-sized, are first partly dried over a few cylinders, 
after which the paper passes through a tank containing 
liquid size, from whence it passes between two rollers, ^ 

which squeeze out the superfluous size ; it is then wound 
on to a reel on which it remains some time to enable the 
size to thoroughly permeate the paper, after which it is 
wound on to another reel, and from thence it passes over a 
series of wooden drums or cylinders, each of which is 
furnished with a revolving fan ;' by this means the f)aper 
becomes dried slowly, whereby a more perfect sizing of the 
material is effected. 

Doable-Sized Paper .-^This term is applied to paper | 

which, after being sized in the engine in the usual way, is ^ 

afterwards " surface sized," as it is called, with animal size 
in the maoner described. 

Respecting the drying of paper after it has been tub- | 

sized there seems to be some difference of opinion as to 
whether it is best to hang it in a loft to dry or to dry it \ 

over the cylinders of a drying machine. Upon this point i 

the New York Paper Trade Journal makes the following | 

remarks : — " When the paper is passed through the size- * 
tub, it is again wet ; the fibres expand, and their hold on 
each other is relaxed. Now it must make a difference to 
the subsequent strength and quality of this paper whether ^ 

it be hung up in a loft to dry or jun over a drying ma- 
chine. Ii it is hung in the loft no strain is put upon it 
and the fibres are At liberty to shrink, or slowly contract, 
in all directions ; whereas if it is run over a drying 
machine, consisting of from 50 to 100 reels, the longitudinal 
strain prevents the fibres from shrinking and reassuming 
their normal position in that direction. Attempts have 
been made to obviate this defect by regulating the speed 
of each section of the machine in such a manner as to 



MR, WYATT ON SIZING. 127 

allow for the shrinking, but this only remedies the evil by 
preventing the paper from breaking as it travels over the 
machine. Everything else bein^ equal, it would seem that 
loft-dried paper must be superior to that dried over the 
drying machine. Our home manufacturers endorse this 
view, inasmuch as they continue to prefer the syatem of 
loft-drying to the less expensive machine methods." 

Mr. Wyatt's Bemarks on Sizing. — Mr. James W. 
Wyatt, in a paper on the "Art .of Paper-making,'** 
makes the following observations on engine-sizing and ani- 
mal-sizing which will be read with interest : — " Engine- 
sizing renders the paper fully as non-absorbent as animal 
size. The latter penetrates the sheets only slightly and 
forms a coating or skin on each surface, whereas the 
engine size surrounds each fibre and impregnates the 
whole mass. Surface- sizing, however, produces a stronger, 
firmer sheet, and is smoother for the pen to travel over ; 
the manufacturer also gets the benefit in* the price of the 
paper of the additional weight of the size, amounting to 
7 per cent, on the average. On the other hand, as the 
animal size is mostly a skin on the surface, if the coating 
be broken anywhere by the use of a knife in scratching, 
the paper will only imperfectly resist ink in that place, a 
great disadvantage for account and office-books and ledgers. 
Engine-sized paper is much cheaper to produce tfian animal 
sized, and is therefore used principally for the lower 
qualities of writings and for almost all kinds of printings 
where firmness and smoothness is not so much a desidera- 
tum. Most tub-sized papers have a certain portion of 
engine size mixed with the pulp. This not only ensures 
the thorough sizing of ' the sheet, but also is a measure of 
economy in reducing the absorbing power of the paper for 
the animal size. Papers for ledgers and office- work are best 
given an extra proportion of engine size to ensure their 
ink-resisting properties, and they are also sized by hand 
in animal size and loft dried." The following rough 
estimate of the comparative cost in materials and wages 

• ** Proceedings of the Society of Civil Engineers," vol. Izxix. p. 246. 
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of engine-sizing and animal- sizing paper may be of 
interest : 

Engine-sizing, per 20,000 lbs. : — 

£ 8. d. 
Materials ..520 
Wages ... 12 6 

Total . .£5 14 6 Cost per lb. = 0068 

Animal-sizing, per 20,000 lbs. : — 

£ s. d. 
Materials . . 36 
Wages . . * . 4 10 

Total . . £40 10 



CHAPTER XII. 
MAKING PAPER BY HAND. 

The Vat and Mould. — ^Making the Paper. — Sizing and Finishing. 

Under the old system of making paper by hand, the rags 
were reduced to a fine state of dSvision by a process of 
retting, or slow putrefaction. The rags were first washed 
in water, and then piled in heaps, in which condition they 
were allowed to remain until they became tender, that is, 
readily pulled asunder by the fingers. During the decom- 
position the rags not unfrequently became rotten in some 
portions of the heaps, thus involving considerable loss of 
fibre. The rags were next placed in a strong chest, in 
which iron-shod stamping rods were fitted, and these 
by their continued action gradually reduced them to a 
pulp. The stampers were eventually superseded by the 
beating-engine, the invention of a Dutchman, which 
received and still retains the name of the "Hollander." 
Other machines, as the duster, washing and breaking 
engines, and the beating engine, have entirely taken the 
place of the older system, which required the work of forty 
pairs of stamps for twenty-four hours to produce one 
hundredweight of paper. 

The Vat and Mould. — The pulp being prepared, .is 
conveyed from the beaters to the working vat, where it is 
diluted with water. The vat is a wooden or stone vessel 
about 5 feet square and 4 feet deep, being somewhat wider 
at the top than at the bottom. A steam-pipe is supplied 
to the vat, so that the pulp and water may be heated to 
a convenient temperature for working, and an agitator is 

K 
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also fumislied to keep the pulp and water uniformly 
miled. The mould in which the pulp is raised from the 
vat to form a sheet of paper^ consists of a wooden frame, 
neatly joined at the comers, with wooden bars running 
across, about 1^ inch apart, and flush with the top edge 
of the frame. Across these again, in the length of the 
frame, wires are laid, about fifteen or twenty in an inch, 
which are placed parallel to each other. A series of 
stronger wires are laid along the cross-bars, to which the 
other wires are fastened; these give to what is termed 
"laid" paper, the ribbed or "water-marked'' lines 
noticeable in hand-made paper. Upon the mould is fitted 
a movable frame, called the deckle or deckely which must 
fit very neatly or the edges of the paper will be rough. 
The mould and deckle form together a kind of shallow 
tray of wire. Sometimes the mould is divided by narrow 
ribs of wood, so that two or four sheets of paper may be 
made in one operation. Connected with the vat is a slant- 
ing board, called the bridge, with copper fillets attached 
lengthwise upon it, so that the mould may slide easily 
along the bridge. 

Making the Paper. — ^When preparing for work, the vat- 
man stands on one side of the vat, and has on his left hand 
a smaller board, one end of which is fastened to the bridge, 
while the other rests on the side of the vat. An assistant, 
called the coucher, is at hand, whose duty it is to handle 
the frames or moulds containing the pulp after they 
have passed through the hands of the vat-man or maker. 
The latter now takes in his hand a mould, and lays it 
upon the deckle ; he then dips the mould, with its deckle 
in its proper place, into the vat of agitated pulp, and lifts 
up as much of the pulp as will form a sheet of paper. 
This, as will be readily seen, requires the greatest dex- 
terity, since the workman has nothing but his sense of 
feeling to guide hiuL It is said, however, that practice 
gives nim such a nicety of feeling in this respect that he 
can make sheet after sheet of the largest-sized drawing 
papers witt a difference in weight of not more than one 
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or two grains in any two of them. Great skill is also 
required to hold the mould in a perfectly horizontal posi- 
tion, otherwise during the felting and settling of the pulp 
the sheet of paper would be thicker on one part than 
another. The mould being held lengthwise, that is, with 
the long parallel wires running from right to left hand, he 
gives the mould a gentle shake from his chest forward 
and back again, which is called I^q fore- right shake; this 
shake takes place across the wires, not in the direction of 
their length. He next gives a shake from right to left, 
and back again, the respective movements thus propelling 
the pulp in four directions. The vat-man now pushes the 
mould along the small board on his left, and removes the 
deckle, which he connects to another moidd and proceeds 
to form another sheet of paper, and so on. The coucher, 
taking the first moidd in hand, turns it upside down upon 
a piece of woollen felt-cloth, then removing the mould, 
he takes another piece of felt and lays it over the sheet 
and returns the mould by pushing it along the bridge to 
the vat-man, when he receives in return a second mould 
to be treated as before. 

In the above way felts and paper are laid alternately 
imtil a pile of six or eight .quires is produced, which is 
afterwards submitted to pressure in a very powerful press. 
When sufficiently compressed, the machine is relaxed, 
and the felts are then drawn out, on the opposite side, 
by an operative, called a layer y who places the felts one by 
one upon a board, and the sheets of paper upon another 
board. The coucher then uses the felts again for fur- 
ther operations. Two men and a boy only are employed 
in this part of the work. In the evening all the paper 
made during the day is put into another press, and sub- 
jected to moderate pressure to obliterate the felt marks 
and expel a further portion of the water. On the fol- 
lowing day the paper is all separated, which is called 
parting^ again pressed, and is then transferred to the 
drying-loft. The drying is effected by suspending the 
sheets of paper upon a series of ropes, attached to wooden 



I -.2 MAKING PAPER BY HAND, 



J 



supports ; ropes of cow-hair are used for the purpose, as 
this material does not stain the paper. 

Sizing and Finishing. — When the paper is dry, it is 
taken down and laid carefully in heaps ready for sizing, 
which is the next operation to which the paper is sub- 
jected. The preparation of the size from animal skins, 
etc., is described in Chapter XI. When preparing to 
size the paper, the workman takes several quires of the 
paper, and carefully spreads the sheets out in the liquid 
size^ which is placed in a large tub, taking care that each 
sheet is uniformly moistened before introducing the next. 
The superfluous size is afterwards pressed out, and the 
paper then "parted" into separate sheets, which are 
again subjected to pressure, and finally transferred to the 
drying-room, where they are allowed to dry slowly. When 
dry, the paper is conveyed to the finishing-house, to be 
again pressed and looked over by women, who, being 
furnished with small knives, pick out knots and other 
imperfections and separate the perfect from the imperfect 
sheets. The paper is now again pressed, and then 
handed to the finisher, to be counted into reams and packed, 
the reams being afterwards pressed and finally tied up 
and conveyed to the warehouse for sale. When the paper 
is required to be hot-pressed, this is done by placing each 
sheet of paper alternately between two smoothed sheets of 
pasteboard, and between each group of fifty pasteboards 
is placed a hot plate of iron, and the pile then submitted 
to heavy pressure, whereby the surface of writing paper 
acquires a fine, smooth surface. 



rw i^--»_*i -^ *- .--1— 



l^ 



WKSssammmm 



CHAPTER XIII. 
MAKING PAPER BY MACHINERY. 

The Fourdrinier Machine. — Bertrams* Large Paper Machine. — Stuff 
Chests. — Strainers. — Revolving Strainer and Knotter. — Self-clean- 
sing Strjdner. — Roeckner's Pulp Strainers. — The Machine Wire and 
its Accessories. — Conical Pulp Saver. — The Dandy Roll. — Water 
Marking. — De la Rue's Improvements in Water-marks. — Suction 
Boxes. — :Couch Rolls. — Press Rolls. — Drying Cylinders. — Smoothing 
Rolls.— Single Cylinder Machine. 

The Fourdrinier Kachine. — It is just ninety years since 
Louis Robert, a Frenchman, devised a machine for making 
a continuous web of paper on an endless wire-cloth, to 
which rotary motion was applied, thus producing a sheet 
of paper of indefinite length. The idea was subsequently 
improved upon by Messrs. Fourdrinier, who adopted and 
improved upon M. Robert's machine, and with the valuable 
aid of Mr. Bryan Don kin, a young and gifted machinist, 
in the employ of Mr. Hall, engineer, of Dartford, con- 
structed a self-acting machine, or working model, in 1803, 
which, from its effectiveness and general excellency of 
workmanship, created at the time a profound sensation. 
This machine was erected at Frogmore, Hertfordshire; 
and in 1804 a second machine was made and put up at 
Two- Waters, Herts, which was completely successful, and 
the manufacture of continuous paper became one of the 
mojt useful and important ' inventions of the age. From 
that period the " Fourdrinier," with some important im- 
provements introduced by Mr. Donkin, gradually, but 
surely, became established as an absolutely indispensable 
machine in every paper-mill all over the world. Although 
the machine has been still further improved from time to 
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time, those of recent construction differ but little in prin- 
ciple from the original machine. An illustration oi the 
machine is shown in Fig. 25, the detailed parts of which 
are expressed on the engraving. 

Bertrams' Large Paper Machine. — The principal aim 
in the construction of the paper-making machine has been 
to imitate, and in some particulars to improve, the operations 
involved in the art of making paper by hand, but apart 
from the greater width and length of paper which can be 
produced by the machine, the increased rapidity of its 
powers of production are so great that one machine can 
turn out as much paper in three minutes as could be 
accomplished by the older system in as many weeks. The 
drawing represents the modem paper-niacWe as manu- 
factured by Bertrams, Lmuted, who supplied one of these 
machines to Mr. Edward Uoyd, for the Daily Chronicle 
Mill, at Sittingboume, which runs a wire 40 feet long by 
126 inches wide, this being, we believe, the largest and 
widest paper-machine in the world. It is provided with 20 
cyKnders, chilled calenders, double-drum reeling motion, 
with slitting appliance for preparing webs to go direct to 
the printer's office without the assistance of a re-reeling 
machine, and is driven by a pair of coupled condensing 
steam-engines. On our recent visit to Mr. Lloyd's mill 
we were much struck with the excellent working of this 
splendid machine. 

In the illustration, as will be seen, there are two sets of 
drying cylinders, while small cylinders, or felt drying-rolls, 
from 16 to 24 inches in diameter, are introduced to the 
felts of the cylinders, before the smoothiug-rolls, which 
discharge the moisture with which the felts are impreg- 
nated from the damp paper, whereby a considerable saving 
in felts is efEected. Messrs. Bertram state that the highest 
speed yet attained has been by their own machinery, and 
is 270 feet of paper per minute. 

• The progress of the pulp after it leaves the beating- 
engines for conversion into paper may be described as 
follows : — The valve at the bottom of the beating-engine 
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is opened, when the pulp flows through a pipe into the 
stuff-chests, which are generally situated below the level 
of the engines. The beaters are then rinsed with clean 
water to remove any pulp that may still cling to theni, 
the rinsing water passing also into the stuff-chests. 

Stuff-chests. — ^These are large vessels of a cylindrical 
form, so that the pulp may have no comers to lodge in, 
and are generally made of wood, though sometimes they 
are made of cast-iron plates bolted together. The chests 
are of various dimensions, according to the requirements 
of the mill, being usually about 12 feet in diameter and 
6 feet deep, having a capacity for 1,000 to 1,200 lbs. of 
stuff. To keep the pulp well mixed in the stuff-chest, of 
which two are usually employed for each machine, a ver- 
tical shaft, carrying two horizontal arms, each extending 
nearly across the interior of the chest, are provided, which 
are only allowed to revolve at a moderate speed, that is, 
about two or three revolutions per minute, otherwise the 
pulp would be liable to work up into knots, and thus form 
a defective paper. Motion being given to the shaft, the 
rotating arms keep the pulp and water uniformly mixed, 
at the same time preventing the pulp from sinking to the 
bottom of the stuff-chest. 

The pulp is next transferred to a regulating box, of 
" supply box," by means of a pimip called the stuff-pump. 
The regulating-box, which has the effect of keeping a 
regular supply of pulp in the machine, is provided with 
two overflow pipes, which carry back to the stuff-chests 
any superfluous pulp that may have entered them, by 
which the stuff in the regulating-box is kept at a imi- 
form level, while the machine is supplied with a regular 
and uniform quantity of the diluted pulp. The stuff- 
pump conveys the pulp through a valve in the bottom of 
the regulating-box in a greater quantity than is actually 
required, the superfluity returning to the stuff -chests by 
the overflow pipes ; thus the supply-box, being always 
kept full, furnishes a regular and uniform supply of pulp 
to the sand-tables, or sand-traps as they are sometimes 
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called. Sand-tables are large wooden troughs, vary- 
ing in size at different mills, but Mr. Dunbar gives the 
following proportions for a first-class sand- trap ; namely, 
14 feet long by 8 feet wide, and 8 inches deep. The 
bottom of the trap is covered with felt, sometimes old first- 
press felt being used, and is divided into several compart- 
ments by thin bars of lead or iron, or strips of wood, 
which keep the felt in position, and also retain any par- 
ticles of sand or other heavy solid matter that may be 
accidentally present in the pulp. For the purpose of 
diluting the pulp for the machine, there is, attached to 
the inlet of the sand-traps, a box with two supply-taps, 
one for the deliyery of pulp, and the other for water ; 
and these being turned on, the pulp and water flow over 
the sand-traps, and the diluted pulp then falls into the 
strainers, which, while allowing the fine pulp to pass 
freely, keep back all lumps of twisted fibre, and particles 
of unboiled fibre, which latter, if not removed, would 
appear as specks on the surface of the finished paper. 

The Strainers are formed of brass or bronze plates, in 
which are cut a very large nimiber of narrow slits, which 
gradually widen downward, so as to prevent the pulp from 
lodging. Each plate has about 510 slits, and several 
plates, connected together by bolts, constitutes the com- 
plete strainer. When in use, the strainer receives a 
jogging motion, which is communicated to it by means 
of small ratchet wheels keyed on shafts passing be- 
neath the machine; this causes the fibres to pass more 
freely through the slits. There are many different forms 
of strainers, which have been the subject of numerous 
patents. It will be sufficient, however, to give one or two 
examples of improved strainers which have been more 
recently adopted by manufacturers. 

Bevolving Strainer and Xnotter. — The revolving 
strainer, which was invented by the late senior partner in 
the firm of Messrs. G. and W. Bertram (now Bertrams, 
Limited), has since been extensively adopted, and the 
present firm have introduced a patent knotter in conjunc- 
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tioQ witL the apparatus, the complete arrangement of which 
ia shown in Fig. 26. The standard size for these revolv 
ing strainers is 7 feet long by I8f inches wide on each 
aide of the four surfaces. The vats are of cast iron, and 



Fig. 26. 

the apparatus is supplied with driving gear, bellows, regu- 
lating boxes and spouts, as necessary. The firm also supply 
these strainers with White's patent discs, and Annandale 
and Watson's arrangement. A A are two revolving 
strainers, as applied to the paper-machine, showing gear- 
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ing for strainers and bellovs. b is the patent knotter as 
used for two strainers, c is the counter-shaft overhead. 



D D is the back shaft of the machine, and b e the wire of 
the paper-machine. 
Sfllf-olflaiuiug StTBimar. — The same firm also intro- 
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duced this form of atrainer, an illustration of whicli is 
given in Fig. 27. The action of the strainer is described 
as followB : — 

The pulp flows on to the strainer at A, and passes away 
through the pipes b b. At c is a valve for the discharge 
of waste pulp. The strainer plates have an inclination of 
about 1 inch in the direction of their length, and in those 
which are nearest to A, where the pulp enters, the slits are 
wider, the knots being pushed forward by the energy of 
the flow. The vacuum pumps, D D, are worked from the 
shaft E. The tubes f f are for supplying water to the 
plates, by which the coarser particles of the pulp are 
pushed forward, and the slits are thus kept clean. The 
strainer will pass from 18 to 20 tons of the finest paper 
per week. 

Koeokner's Pnlp Straiaeni. — This invention consists in 
constructing boxes, with one or both ends open, forming 
the strainers, fixed, or to slide in or out, so as to be readily 



Fig. 28. 

cleaned. One or more fans are fitted in these boxes, and 
are put in motion from the outside, so as to cause what is 
called "suction " through the strainera. One or a num- 
ber of such boxes are fixed into a vat, the open ends dis- 
charging the pulp which has passed through the strainers 
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to the paper-machiiie, and can be so arranged that all the 
fans are worked on one shaft. The vat may be divided 
into compartments, so that the stuff flows from one to the 
other. Instead of boxes, the strainers may be formed of 
tubes, in which suitable slits or perforations have been 
provided. The tubes will be perfectly closed at one end, 
and the strained pulp, after passing through them, will be 
delivered to the paperrmachine from their open ends, 
which may fit into a ring, so that when cleaning is re- 
quired they may be easily lifted out or in. The suction is 
provided inside these tubes by the fans, which are oscillated 
by suitable gear from the outside of the vat. The strainers 
may, instead of being stationary, be attached to the fans 
and oscillate with them, in which case the open ends 
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would have to be attached to the vat by an indiarubber or 
cloth ring, or the strainers may oscillate whilst the fans 
are stationary. Any nimiber of these strainers may be 
fixed into vats, disposed vertically or otherwise. In the 
vat A, Fig. 28, which receives the pulp to be strained, are 
several tubes, j9 JO j9, with one end open, having slits in them 
similar to strainer plates. Inside of these are two, three, or 
more plates, ///, Fig. 29, nmning the full length of the 
tube fixed to the shafts, s s «, and to the sides of the tubes, 
which serve as fans, besides giving strength to the tubes. 
The shafts s s « are carried in bearings at each end, and 
have each one end projecting through, upon which are 
keyed levers, hhhy which, being connected to a rod r, 
worked by an eccentric, ^, at the end, gives an oscillating 
motion to the tubes and fans. Any number of tubes may 
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be in the vat, and may either work separately or divided. 
With several tubes it is preferable to have them arranged 
as shown in the drawing by division plate d, so that the 
accumidated "knots," &a, may flow finally into the end 
compartment (which will form an auxiliary strainer), and 
may be mixed with more water, so that the fine pulp still 
contained in the stuff can flow away through the filits and 
the knots, (fee, be taken out when necessary. The tubes 
should be placed so far apart that a workman can get his 
hand between. The closed ends work free in the stuff, 
while the open ends run through indiarubber sheet or 
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Fig. 30. 



other material, fitted so well to the tube that the fibre can 
only get through the slits of the tube to flow on to the 
paper-machine through the channel at side by the sluice t?. 
The arrows indicate the direction of the flow of pulp. 

Mr. Dunbar says, "the straining power necessary to 
pass and clean pulp in an efficient manner for 25 tons of 
finished paper per week is two revolving strainers, con- 
sisting 01 four rows of plates, or 7 feet by 18 inches of 
straining surface on each of the four sides, the plates 
being cut No. 2^ Watson's gauge." 

After passing through the strainers the pulp should be 
absolutely free from knots or objectionable particles of 
any kind, and in a proper condition for conversion into 
paper. 

The Kachine Wire and its Accessories. — On leaving 
the strainers the pulp passes into a vat, in which is a 
horizontal agitator, which causes the pulp and water to 
become well mixed, and ready to flow on to the endless 
wire-cloth of the machine. The wire-cloth is made 



J 



CONICAL PULP-SAVER. 143 

of exceedingly fine wire, the meshes ranging from 60 
threads and upwards to the inch, there being some- 
times as many as 1,900 holes per square inch, but the 
meshes usually employed run from 2,000 to 6,000 per 
square inch. The ends of the cloth are united by being 
sewn with very fine wire. The width of the wire-cloth 
varies considerably, the greatest width being, we believe, 
that supplied for the large machine at Mr; Edward 
Lloyd's Tnill at Sittingboume, which is 126 inches. The 
length of the wire-cloth is generally from 35 to 40 feet, 
the latter being considered preferable. Beneath the wire 
is placed a shallow box called the "save-all," which 
receives the water as it flows through the wire cloth from 
the pulp. In order to effect a further saving of pidp 
which escapes through the meshes of the wire-cloth, a 
machine called a ** pulp-saver " is used at some mills, 
through which the backwater, as it leaves the box or 
save-all referred to, is passed. 

The wire-cloth is supported by a series of brass tube 
rolls, which are so placed as to render the layer of pulp 
on the wire absolutely uniform, by which a regular thick- 
ness of the finished paper is ensured. The wire is attached 
to a malleable iron frame, having a sole-plate of cast iron, 
and carries a brass or copper breast-roU, 18 inches in 
diameter, a guide-roll 7 inches in diameter, and four brass 
or copper rolls 5 inches in diameter under the wire, with 
shafts extending through the rolls, and furnished with 
brass bushes and brackets, and a self-acting guide upon 
the 7-inch guide- roll. The tube- rolls or " carrying tubes '* 
are carried upon brass bearings. Attached to the sole- 
plate of the wire framing are three cast-iron stands on 
each side for supporting the save-all beneath the wire. 
To regulate the width of the paper there is on the top of 
the wire a set of brass " deckles," carried on a brass frame 
passing over the first suction box, of which there are two, 
and supported on the wire frame by iron studs fixed in 
the frame. At each end of the deckle-frame is a pulley 
for carrying the deckle-strap, with three similar pulleys 
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Sot expanding it. The deckle-frame ia furnished with 
two endlesa straps of india-rubber, these straps keeping 
the pulp to the width required for forming ledges at the 
sides 01 the web. 

Tha Conical Pulp-saver, whichis shown in Fig. 31, was 
invented by the late Mr. George Bertram and Mr. Paisley, 
and is manufactured by Bertrams, Limited. Its use is to 
extract fibres from the washing water before going into 
the river or otherwise. For the water from the drum- 
washer, washing and beating engines, and for the water 
from the paper-making machine, Bave-all, &c., it has 



proved itself of great utility. It is simple in construc- 
tion, small in cost, takes up little room, and is easily 
repaired. When placed to receive the washings from the 
beaters or paper- machine, the pulp saved, if kept clean, 
can always be re-used, a is a conical' drum which is 
covered with wire-cloth, and it is made to revolve slowly 
by suitable gearing. The water enters by the pipe b, 
which -is perforated, as shown, and passes through the 
meshes of the gauze, while the pulp gradually finds its 
way to the wider end of the drum, where it escapes into 
the box c, and can be conveyed again to the beating- 



Tha Dandy-roU. — When it is required to produce a 
design or name, termed a water-mark, upon the paper, this 
is done by means of a roll called the dandy-roll, which 
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consists of a skeleton roll covered with wire-clotli, upon 
which the design is worked by means of very fine wire. 
If the paper is required to be alike on both sides, without 
any specific pattern or name upon it, the roll is simply 
covered with wire-cloth, the impressions from which upon 
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Fig. 32. 



the moist pulp correspond with those of the machine-wire 
on the under surface. By this means paper known as 
" wove " paper is produced. A dandy-roll of this cha- 
racter is shown in Fig. 32. "Laid" paper, as it is 




Fig. 33. 



termed, is distinguished by a dandy-roU having a series 
of equidistant transverse wires on the upper surface of 
the wire cylinder, as shown in Fig. 33, the efEect of which 
is to produce parallel lines on the paper, caused by the 
pulp being thinner where the moist paper is impressed by 
the raised wires, which renders the Imes more transparent 
than the rest of the paper. The dandy-roll, which is 
usually about 7 inches in diameter, corresponds in length 

L 
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to the width of wire on which it rests, and is placed over 
the wire-cloth between the suction-boxes. The journals 
of the roll turn in slits in two vertical stands, one behind 
the machine frame and the other in front of it. The roll, 
however, rests with its whole weight on the wire, and 
revolves by the progressive motion of the wire. The 
stands which support the roll prevent it from being 
influenced by the lateral motion of the wire. By thus 
running over the surface of the pulp when the wire is in 
motion, this roll presses out a considerable quantity of 
water, at the same time rendering the paper closer and 
finer in texture. Dandy-rolls of various lengths, and 
bearing different designs or patterns, are kept at the paper- 
mills, and great care is exercised to preserve them from 
injury. 

Water-Karking. — Dr. Ure describes the following pro- 
cesses for producing a design for a line water-mark: — 1. 
The design is engraved on some yielding surface in the 
same way as on a copper-plate, and afterwards, by im- 
mersing the plate in a solution of copper sulphate, and 
producing an electrotype in the usual way, by which all 
the interstices become so filled up as to give a casting of 
pure copper. This casting, on being removed from the 
sulphate bath, is ready for attaching to the wire gauze 
of the dandy-roll. 2. The design is first engraved on a 
steel die, the parts required to give the greatest effect 
being cut deepest ; the die, after being hardened, is forced 
by a steam hammer into some yielding material, such as 
copper, and all of this metal which remains above the 
plain surface of the steel is subsequently removed by 
suitable means ; the portion representing the design being 
left untouched would then be attached to the wire-gauze 
as before. Light and shade can be communicated to the 
mark by a modification of the above process, for which 
purpose an electrotype of the raised surface of a design 
is first taken, and afterwards a second electrotype from 
this latter, which coisequently will be identical with 
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the original surface. These two are then mounted on 
lead or gutta-percha, and employed as dies to give impres- 
sion to fine copper-wire gauze, which is then employed as 
a mould. Thus absolute uniformity, such as could not be 
attained by the old system of stitching wires together, is 
now attained in bank-notes by the adoption of the above 
method. It may be mentioned that when the moulds 
were formed by stitching the fine wires together to form 
a design, no less than 1,056 wires, with 67,584 twists, 
and involving some hundreds of thousands of stitches, 
were required to form a pair of £5 note moulds, and it 
was obviously impossible that the designs should remain 
absolutely identical. 

Sometimeis water-marks are produced by depressing the 
surface of the dandy -roll in the form of a design, which 
causes* the paper to be thicker where the design is than 
in the rest of the sheet of paper. This modification was 
invented by Dr. De la Rue. 

De La Bue's Improvements in Water-marks. — By 
one method, patented in 1869, dandy-rolls, having a sur- 
face of embossed wire-gauze, are used; the indentatiohs 
in the gauze are inwards, causing a thickening of the 
paper where they are brought in contact with it. These 
thickenings correspond in form to the configuration of the 
design or water-mark. The inventor has also affixed wire 
to the surface of such dandy-rolls so as to form projec- 
tions, in order to thin the paper where the projections 
come in contact with it, by which means light lines are 
obtained in the water-mark, strengthening the effect of 
the thickened opaque design. 

By another patent, dated May, 1884, No. 8348, the 
inventor forms the surface of the dandy-roll of wire- 
gauze embossed in such a manner that parts of the 
surface of the gauze, corresponding to the configura- 
tion of the design of the water-mark, are raised, and 
project out from the general surface, and other parts 
corresponding to the Ime shading of the design are de- 
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pressed below the level of tlie general surface. The accomr 
panying drawing, Fig. 34, shows diagrammatically, and 
greatly enlarged, a section of a portion of the surface of a 
dandy-roll made in accordance with this invention, a 




Fig. 34. 

represents the section of a ridge or projection raised on 
the surface of the gauze ; h represents the section of a 
groove or depression in the wire-gauze, which, with other 
similar grooves, serves to produce an opaque shading to 
the design, c is an auxiliary ridge or projection, serving 
to define the shading line, and to intensify it by driving 
the pulp into the groove or depression 6. Further effects 
may be obtained by attaching wires to the dandy-roll, 
either in the usual way, where the surface is unembossed, 
or upon the raised parts a, which- give the configuration 
to the water-mark. In place of forming the ridges or 
projections a, which produce the configuration of the 
water-mark, by raising portions of the wire-gauze above 
the general eurface, they may be formed by sewing on 
suitably shaped slips of wire-gauze, or of sheet metal perfo- 
rated all over with fine holes, on to the surface of the gauze 
which is embossed with the grooves 6, but it is much to be 
preferred that both the ridges a and the grooves h should 
be produced by embossing the gauze. Water-marks may 
also be produced by placing sheets of finished paper in 
contact with plates of copper or zinc, bearing a design in 
relief, and submitting them to heavy pressure. 

Suction-Boxes. — These boxes, which are fitted under 
the wire, are made of wood, and are open at the top, the 
edges being lined with vulcanite. The ends of the boxes 
are movable, so that they may be adjusted to suit the 
width of the paper required ; they are also provided with 
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air-cocks for regulating tbe vacuum, which is obtained by 
means of two sets of vacuum pumps, having three 6-inch 
barrels to each set : 
a vacuum pump of 
this form is shown 
iuFig. 35. As the 
wire travek over 
these boxes, the ac- 
tion of the pumps 
draws the wire upon 
them with sufficient 
pressure to render 
them air-tight ; by 
this means a large 
portion of the water 
which the pulp still 
retains at diis point 
becomes extracted, 
thereby giving to 
it such a degree of 
consistency that it 
can stand the pres- 
sure of the couch- 
rolls without in- 
jury. The back- 
water extracted by 
the suction- boxes, 
as also that col- 
lected in the save- 
all, is added to a Fig. Z6. 
fresh supply of 
pulp before it flows on to the sand-tablea. 

Couoli-BoUs. — At the extreme end of the wire-cloth 
from the breast-roll, and inside the wire, is the under 
couch-roll, from which the wire receives its motion. This 
roll, which is of brass, is usually about 14 inches in dia- 
meter, is carried upon a cast-iron framing with brass 
bearings, and is ground to a working joint with the top 
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roll, which is also of brass, and 20 inches in diameter. Both 
these rolls are covered with a seamless coating of woollen 
felt. The upper roll rests upon the lower one, and the 
wire-cloth, and the web of paper upon it, pass between the 
rolls, receiving gentle pressure, by which the paper be- 
comes deprived of more water, rendering it still more com- 
pact. It is at this stage that the web of paper leaves the 
wire-cloth, and passes on to a continuously revolving and 
endless web of woollen felt, termed the " wet felt," from 
the moist condition of the paper. This felt, which is car- 
ried on wooden rollers, is about 20 feet long, and is manu- 
factured with considerable care. 

The Press-Bolls. — The paper now passes on to the 
iir%t pi*e88'roll8y which deprive it of a still further quantity 
of water, and put it in a condition to bear gentle handling 
without injury. The upper roll is fitted with a contrivance 
termed the " doctor," which keeps the roll clean by remov- 
ing fragments of paper that may have become attached to 
it. The doctor is furnished with a knife which passes 
along the entire length of the roll, pressing against it from 
end to end. These rolls are generally of iron, jacketed 
with brass, the under one being 14 inches in diameter, and 
the top roll 16 inches. Sometimes this roll is made of fine- 
grained cast-iron. When the roll is of iron the doctor 
blade is steel ; but when this roll is brass the knife is of 
the same material. The under surface of the paper, which 
has been in contact with the felt, and necessarily being in 
a moist condition, receives more or less an impression 
from the felt over which it travelled, while the upper sur- 
face, on the other hand, will have been rendered smooth 
by the pressure of the top roll of the first pres^. To 
modify this, and to render both surfaces of the paper as 
nearly imiform as possible, the paper passes through 
another set of rolls, termed the second presa-rolk, in 
which the paper becomes reversed, which is effected by 
causing it to enter at the back of the rolls, which rotate in 
a reverse direction to those of the first press, by which 
the under or wire side of the paper comes in contact with 
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the top roll of the press. By this arrangement the under- 
side of the paper is rendered equally smooth with the 
upper surface. The second set of press-rolls is provided 
with an endless felt of its own, which is usually both 
stronger and thicker than that used in connection with the 
first press-rolls. In some mills each set of press-rolls is 
provided with a doctor, to prevent the web of paper from 
adhering to the metal. Sometimes the doctor knives 
are made from vulcanite, a material which would seem 
specially suited for a purpose of this kind. From this 
point the paper passes to the first set of drying cylinders. 
The Dxying Cylinders. — The invention of the steam 
drying cylinder is due to Mr. T. B. Crompton, who, in 
the year 1621, obtained a patent for this useful addition 
to the paper-machine. Since that period, however, the 
system of drying the paper by steam-heat has been brought 
to a high state of perfection ; not only this, but the number 
of cylinders has gradually increased, while the heat to which 
they are raised has proportionately decreased, and as a con- 
sequence the size, which is injuriously affected by rapid dry- 
ing, is gradually deprived of its moisture, and thus renders 
the paper closer and stronger, while at the same time a 
very rapid speed can be maintained. The drying cylinders 
iii the machine shown in the engraving are 4 feet in dia- 
meter and 12 in number, being arranged in two groups of 
8 and 4 cylinders respectively, and in the aggregate present 
a very large drying surface, it being very important that the 
operation should be effected gradually, more especially at 
its earlier stages. There is a passage between the second 
press- roll and the cylinders, through which the machine- 
men can pass from one side of the machine to the other. 
The first two or three of the first section of cylinders are 
only moderately heated, and having no felt on them, allow 
the moisture from the paper to escape freely. The next five 
cylinders, however, are provided with felts, which press 
the paper against the heated surfaces, by which it be- 
comes smooth and flattened, thus putting it into a proper 
condition for passing between the smoothing-rolls. The 
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cylinders are heated by eteam, and are g:enerally of de- 
creasing diameter, to 
allow for the ehrink- 
ing of the paper dur- 
ing the drying. 
L Smootbing-Rtdls. 
I — These consist of 
I highly polished cast- 
' iron rolls, heated by 
steam. The paper 
being in a somewhat 
moist condition when 
it passes through 
these rolls, they have 
the efEect of produc- 
ing a fine smooth 
hg surface. 

'!' The paper next 

« r the last four drying 

all being provided 
I, to keep the paper 
ressed against their 
jrfaces, by which the 
moisture becomes ex- 
1 the paper rendered 
iry. The paper now 
rough the calender 
is then wound on to 
le extreme end of the 
The operation of 
.g will be treated in 
hapter. 

C7UiL(l0r Maoliuie. — 

manufacture of thin 

also for papers which 

are required to he glazed on 

one side only, a single cylinder machine, called the 

Yankee machine, has been introduced, a representation 
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of which is shown in Fig. 36. It is constructed on the 
same principle as the larger Fourdrinier machine up 
to the couching-rolls, when the paper leaves the wire-cloth 
and. passes on to an endless felt running round the top 
couch-roll, and passes from thence to a large drying 
cylinder, which is about 10 feet in diameter and heated 
by steam, the surface of which is highly polished, giving 
to the surface of the paper in contact with it a high gloss. 
There is attached to the machine an arrangement for 
washing the felt for the purpose of cooling and opening 
it out after passing through a cold press-roll and the hot 
drying cylinder. This machine, as manufactured by 
Messrs. Bentley and Jackson, for cap, skip, and thin papers, 
consists of a rocking frame, and wrought-iron side bars, 
fitted with brass bearings, the necessary brass and copper 
tube-rolls, couch-rolls, with driving shaft, stands and 
pulley ; self-acting wire guide, brass deckle sides and 
pulleys, brass slice, vacuum boxes, pipes and cocks ; wet 
felt frame, with the necessary water pipes and cocks, and 
carriages to carry the couch-rolls and felt-rolls; the 
necessary wet felt-rolls and a felt washing apparatus ; one 
bottom press-roll carried by brass steps, and fitted with 
compound levers and weight ; one large cast-iron drying 
cylinder about IQ feet in diameter, and fitted with a cen- 
tral shaft, steam admission and water delivery nozzles, two 
water lifters and pipes, a manhole and vacuimi valve, a 
large spur driving wheel, spur pinion, driving shaft and 
pulley; massive cast-iron framework, with pedestals to 
carry the cylinder; traversing steel doctor and frames; 
copper leading roll and carriages, a pair of reeling stands 
fitted with brass steps, friction pulleys and plates, regulat- 
ing screws, etc. ; a wooden platform and iron guard rail, 
all carried by strong cast-iron framing ; the necessary pulp 
and backwater pumps, shake, knotter, stuff chests, service, 
cistern, pipes and valves, shafting, pedestals, change 
wheels, pulleys, &c. These machines can be obtained of 
any desired width. 



CHAPTER XIV. 
CALENDERING, CUTTINO, AND FINISHING. 

• 

"Web-(?lazing. — Glazing Calender. — Damping-Bolls. — Finishing. — ^Plate 
Glazing. — Donkiii's Glazing Press. — Mr. Wyatt on American 
Super-calendering. — Mr. Amot on Finishing. — Cutting — Revolvinu: 
Knife Cutter. — Bertrams* JSingle-sheet Cutter. — Packing the Finished 
Paper. — Sizes of Paper. 

Tb impart a higher gloss, or, as it is technically termed 
** glaze," to paper after it leaves the machine, it has to be 
subjected to further calendering, which is accomplished 
either in the web, or in sheets, according to the quality of 
the paper. 

Web-Glasing. — Glazing Calender, — When paper has to 
be glazed in the web, it is passed between a series of rolls, 
which are constructed upon several different systems. .In 
one form of this machine the rolls are alternately of finely 
polished iron^ and compressed paper, or cotton, the iron 
rolls being bored hollow to admit of their being connected 
to steam pipes, for heating them when necessary. In this 
machine there are eight rolls, the centre pair being both 
})aper rolls, which have an effect equivalent to reversing the 
paper, by which both sides are made alike. Another form 
of glazing calender, of American origin, but which has 
been improved upon by our own engineers, consists of a 
stack of rolls made from chiUed iron, the surfaces of 
which are ground and finished with exquisite precision 
upon a system adopted in America. A representation of 
this calender as manufactured by Messrs. Bentley and 
Jackson is given in Fig. 37. Such rolls as require heat- 
ing are bored through, and their ends fitted with brass 
junctions and cocks, to regulate the admission of steam. 
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The standards'are of cast iron, planed and fitted with 
phosphor bronze bearings ; the bearings to carry the top 
roll of the stack are fumiahed 
with WTought-iron screws and 
hand wheels, and wrought-iron 
lifting links can be attached 
to raue one or more of the 
rolls, according to the finish 
required on the paper. Com- 
pound levers are also supplied, 
to regulate and adjust the pres- 
sure on the ends of the roUs. 

Damping Rolh. — An import- 
ant iniproTement in connection 
with the calendering of paper 
was introduced by Messrs. G. and W. Bertram a few 
years since, by which a higher finish ia given to the 
paper than had previously been attainable. Thia con- 




nist^ of a damping apparatus A (Fig. 38) which i& placed 

between the last drying cylinders b of the machine and 

. the glazing calenders c. The damping-rolls consist of 
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two brass or copper rolls, about 14 inches in diameter, 
through which a constant stream of cold water is passed. 
while a line of steam jets, issued from finely -perforated 
pipes, plays over the tace of the rolls. The cold water 
within the rolls condenses the steam, thereby imparting 
a uniform moisture to the under surface of the paper, 
which enables it to take a better surface when passing 
through the glazing rolls. The steam-pipes can be regu- 
lated so as to give any amount of dampness required by 
adjusting the steam cocks accordingly. By reference to 
the engraving, it will be observed from the disposition of 
the rolls that the web of paper is reversed, thus .equalising 
the moisture on both sides, by which the paper-maker is 
enabled to produce ^u evenly-finished paper. 

The chilli-iron glazing-rolls, aa originally introduced, 
were fitted up in stacks of seven, and sometimes as many 
aa nine rolls, but it was found in practice that so large 
a number of roUs gave unsatisfactory results ; the heavy 
pressure, acting on the paper immediately after leaving the. 
drying cylinders,, had the effect of " crushing " the paper, 



Fig. 39. 

giving it a thin feel. It is now considered preferable to 
use calenders having not more than four, or at most five 
rolls. An arrangement of this description, manufactured 
by Bertrams, is represented in Fig. 39. The system 
recommended by Mr. Dunbar is to employ three seta of 
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rolls, disposed as follows : — " First, a set of three rolls ; 
second, a set to consist of four rolls, and a stack of five to 
give the finishing or dry surface. With this arrangement 
of calenders, and the assistance of the damping apparatus, 
any desired surface can be got by varying and regulating 
the drying of the paper, which any careful machine-man 
can do with ordinary attention." 

Pinishing.— To give a stiU higher finish to the paper, 
it is subjected to what is termed " friction-glazing,*' which 
consists in passing it through a stack of rolls, formed 
alternately of small iron roUs and larger paper ones, the 
iron rolls revolving at a much higher speed than the 
paper-rolls. The effect of this final glazing operation 
gives the paper a very fine surface. 

Flate-Olazing. — Donkin^s Glazing Press. — This term, 
which is also called " super-calendering,'' is applied to a 
method of glazing hand-made paper, and is also adopted 
for the better qualities of machine-made paper. It con- 
sists in placing sheets of paper between highly polished 
plates of either copper or zinc, the latter being more 
generally used. The metal plates, with the sheets of paper 
placed alternately between them, are made up into packs 
or " handfuls " (the operation being usually performed by 
women), and these are passed between two powerful rolls, 
giving a pressure of from twenty to thirty tons, and each 
pack, consisting of about forty plates and as many sheets, 
is passed through the rolls several times, the pressure being 
regulated by means of screws or levers and weights acting 
on the ends of the top roll. A machine for glazing paper 
in packs, manufactured by Messrs. Bryan Donkin and Co., 
is shown in Fig. 40. * Some descriptions of paper, as 
" antique" and " old style," for example, are surfaced with 
good cardboard instead of copper or zinc plates. As soon 
as the handful has passed through the rollers, the motion 
of the machine is reversed, by which means the pack is 
made to pass forwards and backwards repeatedly, accord- 
ing to the extent of gloss or smoothness required. 

Mr. Wyatt on American Snper - calendering. — 
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Mr. Wyatt, on a recent visit to America, had many 
opportunitieB of witnessing the systems of manufacture 
adopted there, and subsequently delivered an interesting 
address to the members of the Paper- Makers' Club,* in 



Fig. 40. 
which he acknowledged the superiority of the high-class 
printing papers for book-work, which has so often been 
the subject of recognition in this country. Indeed, if we 
compare the surface of the paper used even for ordinary 
technical journals in America and that generally adopted 
for our own periodicals of a similar class, we are con- 
strained to admit that the difference is in favour of our 
transatlantic competitors. " In the manufacture of high- 
class super-calendered printing papers," Mr. Wyatt ob- 
serves, "for fine book- work, or as they call them book 
papers, the Americans certainly excel. Whether this be 
■ Faper-Makcra' Monthly Jottrnal, April 16th, 1889. 
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due to the kind of raw material used, to the almost uni- 
versal use of the refining-engine, which .renders the pulp 
very soft and mellow, or to the state of perfection to 
which they have brought the art of super- calendering, or 
perhaps Hue to all three, I could not exactly determine. 
The material generally used for this class of paper is 
poplar chemical fibre and wast-e paper to the extent of 
50 per cent., and even up to 75 and 80 per cent, of the 
total fibre, the balance being rags, or, in cheaper quali- 
ties, sulphite wood pulp ; the stufi is all mixed together 
in large beaters, holding from 800 lbs. up to 1,500 lbs. of 
pulp, where it is about half beaten, and then finished in 
one or other form of refining-engine. . 

" The Americans have, I think, more thoroughly studied 
the question of super- calendering paper than we, and in 
this respect get better results and better work. The paper 
is mostly sht and trimmed on the paper-machine, and 
reeled up in from two to four widths by an ingenious 
contrivance called the Manning -winder, which automati- 
cally keeps the tension constant on each of the reels, 
whatever the diameter, and is super-calendered in narrow 
widths on small calenders. These calenders are from 
36 inches to 42 inches wide, and consist of a stack of 9 
to 11 rolls, alternately chilled iron, and cotton or paper ; 
the paper is passed through the rolls two or three times, 
never less than twice, under great pressure applied by 
hand- screws. The power required is very high, being 
from 40 to 50 h.p. for each calender, and the speed 
from 450 feet up to 600 feet per minute. The paper is 
not usually damped before calendering, but is left rather 
under-dried from the machine ; neither is steam heat used 
in the rolls, which get very warm, owing to the high speed 
at which they run. The rolls are driven entirely by 
straps, the arrangements for the fast and slow speed and 
for reeling on and off the paper being well designed and 
worked out ; the .main strap, running at high speed, runs 
on a loose pulley on the shaft of the bottom roll, by means 
of a powerful friction clutch ; this pulley can be made a 
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tight one.* On this same bottom shaft is keyed a multiple 
V-shaped grooved friction pulley. Another, and inde- 
pendent shaft, driven from the main shaft by a crossed 
belt, has a small grooved pulley keyed on it, which can 
be thrown in and out of gear with the large grooved 
pulley. Strap-driving is thus secured throughout, and 
the speed can be increased gradually without jerks, from 
the starting up to the fastest speed by working the levers, 
gearing the friction clutch and pulleys slowly.'' 

In reference to the high finish of American papers, we 
are disposed to attribute this mainly to the nature of the 
chief raw material used — ^wood fibre. In the year 1854, 
when specimens of Mr. Charles Watt's wood-fibre paper 
were first printed upon, the remarkable gloss of the wood 
paper attracted much attention, and it was noticed that 
the impiression of the ink appeared to be well on the sur- 
face of the paper, and not, as was often the case with 
ordinary printing papers of the time, partially absorbed 
by the paper itself. Mr. Wyatt states that poplar 
chemical fibre and waste paper to the extent of 60 per 
cent., and even up to 75 and 80 per cent., are used, the 
balance being rags ; now since the waste paper in all 
probability would be composed largely of wood fibre, and 
as, in the cheaper qualities, sulphite wood pulp is used in 
lieu of rags, it will be fair to assimie that the chief basis 
of the highly-finished papers for which the Americans 
are justly famous is wood fibre, and we believe that there 
is no other variety of cellulose which, is so susceptible of 
producing a naturally glossy paper as that which is ob- 
tained from wood by the soda process. 

Mr. Arnot on Finishing. — Mr. Amot makes the 
following observations respecting the finishing of pa- 
per : — " The paper may be slit into widths, suitable for 
wet calenders, or may be cut up into sheets, and glazed 
by the plate or board calenders. The former method of 
surfacing or finishing has come extensively into use 
in recent times, the labour involved being much less 
than in the older method of finishing in sheets. Still, 
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however, the plate calenders are kept at work upon 
the higher classes of goods, it being possible to give 
almost any degree of surface to good paper by that means. 
There is little doubt, too, that the paper glazed by the 
plate rolls retains its original softness to a greater degree 
than that passed through web calenders. In the latter it 
is exposed in one thickness to great pressure, and is 
thinned in consequence; whereas, when the sheets are 
made up into piles, along with copper or zinc plates, there 
is a certain amoimt of spring or elasticity in the treatment 
which largely counteracts the crushing action of the rolls. 
The web calenders consist of a series of rollers erected in 
a vertical frame, and between these the paper winds, be- 
ginning at the top and coming downwards, so that the 
pressure gradually increases as the paper moves on its 
journey. It will be observed that the xmder rolls have to 
bear the weight of the upper ones, and that consequently 
the pressure on the paper will be greater the lower down 
it descends. Many of the rollers themselves are now 
made of paper, and as these possess a slight degree of 
elasticity, and take a high polish, they are alternated with 
iron rollers with good effect. The paper-rolls are made 
by sliding an immense number of circular sheets, per- 
forated in the centre, on to an iron core or shaft, pressing 
these close together by hydraulic action, and trimming 
them ofP on the lathe. The plate or broad calenders con- 
sist only of two rollers, the upper one heavily weighted, 
preferably by compoimd levers. Between these rollers 
the sheets of paper, alternated with plates of copper or 
zinc, and made up into bundles about an inch in thick- 
ness, are passed backwards and forwards, the reciprocating 
action being produced by the movement of a lever in the 
hand of an attendant. The metal and paper sheets of 
different bimdles may be interchanged, and the process 
repeated with the effect of increasing the beauty and 
equality of the finish.'' 

Cutting. — Revolting Knife. — ^When paper is to be used 
in a continuous printing-machine, or, as is often the case, 

M 
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has to be exported in the web, it is supplied in rolls ; other- 
wise it is cut into sheeta before leaving the mill. The form 
of cutter generally used is what is termed the revoltn,ng 
hnife-cuiter, an illustration of which, as manufactured by 
Bertrams, Limited, is shown in Fig. 41. At a is shown 
a series of webs, the paper from which La drawn forward 
by the rolls, b, and is then slit into suitable widths, and 



Fig. *i. 

the margin at the same time pared by circular knives, one 
of which is shown at c. It then passes through a pair of 
leading- rolls, after which it comes in contact with a knife, 
D, attached to a revolving drum, e, pressing against a 
dead knife not shown in the engraving. The ^eeta, as 
they are thus cut, drop upon a travelling felt or apron, f, 
from which they are fifted and placed in piles, by boys or 
girls standing on each side of the felt. These machines 
will cut eight webs at one time. 

Bertramn' Single-sheet Cutter. — In cases where it is 
necessary that the sheets should he cut with great uni- 
formity, as in the case of paper bearing a water-mark, in 
which it is requisite that the design should appear exactly 
in the centre of the sheet, the ordinary cutter is not found 
to be sufficiently reliable ; a machine termed a " single- 
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Bheet cutter " is therefore used for thia purpose, of which 
an illustration is shown in Fig. 42, The paper is led 
direct from the paper-machine, or from a reel frame, to 
the drawing-in rolls, a ; after which it passes through the 
circular alitting-kniTes, B ; from here it is led by the 
roller c to a large wood-covered drum, D, and at the front 



of this drum the sheets are cut by the cross-cutting 
knives, e. There are two cast-iron tapered cones, with 



belt guide for adjusti 
mote steadiness 
levers, cranks, eccentri 



ng the speed ; a fly-wheel to pro- 
orking ; a series of wrought-iron 
ica, shafts, etc., for accurately regu- 



lating the travel of paper and the cut of the horizontal 
knives ; a small pasting table is also fitted across the 
machine for mending broken sheets. 

PadduK tha Fiaished Papar. — The paper, after it 
leaves the cutting-machine, is conveyed to the finiehing- 
house, where it is carefully examined by women, who cast 
aside all defective or damaged sheets, which, under the 
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trade names of "imperfections" or "retree," are sometimes 
disposed of, at a lower rate, to the customer for whom the 
order is executed. In the warehouse these imperfections 
are marked with a capital R on the wrapper, or two 
crosses, thus XX. If the paper is broken, it is sometimes 
marked B X X ; it is not generally the custom, however, 
to sell imperfections, but to return them to the beater-man, 
to be re-converted into pulp. The perfect sheets are then 
counted, and packed up in reams consisting of 480 to 516 
sheets. 

Sizes of Paper. — ^The various sizes of paper are known 
in the stationery trade under different designations, as 
demy, crown, double crown, royal, imperial, etc. As paper 
is generally purchased according to weight, the various 
weights per ream are also distinguished with the size of 
the paper, as 16 lb. demy, 22 lb. double crown, and so on. 
The following table shows the sizes of some of the writing 
and printing papers in common use : — 



Name. 


Writing 
Papers. 


Printing 
Papers. 


Foolscap 

Small post (or post) . . . 

Crown 

Double crown 

Demy 

Royal 

Imperial 

Double demy 

Double royaJ 


Inches. 
17 xl3i 
18f X 16i 


Inches. 

17 X 131 
18J X 16j 

20 X 16 

30x20 
22jxl7f 

26x20 

30x22 
36^ X 22^ 

40x26 



CHAPTER XV. 
COLOURED PAPERS. 

Coloured Papers. — Colouring Matters used in Paper-Making. — American 
Combinations for Colouring. — Mixing Colouring Materials with Pulp. 
— Colouring Paper for Artificial Flowers. — Stains for Glazed Papers. 
— Stains for Morocco Papers. — Stains for Satin Papers. 

Coloured Papers. — There are several methods by which 
any desired shade of colour may be imparted to paper, 
which are as follows : — 

1. By blending with the pulp in the beating-engine 
some insoluble substance, such as smalts blue — a kind of 
glass coloured by oxide of cobalt — ultramarine, yellow 
ochre, etc. 

2. By j^dding a coloured liquid, which simply dyes or 
stains the fibre. 

3. By using rags which are already coloured, in propor- 
tions to give the required shade, in which case of course 
the process of bleaching must be omitted. 

4. By employing two substances, as yellow prussiate of 
potash (ferrocyanide of potassium) and a persalt of iron, 
for example, which, when combined, yield the requisite 
blue tint— Prussian blue. 

By this latter method the buff shade given to what is 
termed toned paper is effected, by using a solution of cop- 
peras (sulphate of iron) and an alkaline solution, or by using 
a solution of pemitrate of iron. In experimenting in this 
direction we have found that a mixture of solutions of sul- 
phate of iron and bichromate of potassa produce an agree- 
able and permanent bufE tint. The solutions may be added 
to the pulp alternately, or may be first mixed and then at 
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once put into the beater. From 2 to 3 ozs. of eaeli salt 
for each gallon of water may be used if the solutions are 
to be mixed before using ; but when applied separately 
the solutions may be used in a more concentrated condition. 
Colouring Matters used in Paper-Making. — The fol- 
lowing substances, used either alone or mixed in suitable 
proportions, are employed in colouring pulp for paper- 
making : — 

Smalts blue. Chrome yellow and* orange 

Prussian blue. chrome. 

Indigo blue. Orange mineral 

Aniline blues. Copperas, for mixing with other 

Aniline reds, includin^jf eosine. substances. 

Cochineal, for pink, etc. Venetian red. 

Brazil wood , which imparts eith er Yellow ochre. 

a fine red or orange-browi: Quercitron, or oak-bark. 

colour, according to the treat- Nutgalls 

ment it has undergone. Lamp black. 
Logwood, for violet colours. 

Blue. — The coarser kind of paper used for packing is 
prepared from rags blued with indigo, which, when reduced 
to pulp, are not subjected to the process of bleaching. The 
finer kinds of paper are blued in various ways, but the 
chief material used is what is known as artificial ultra- 
marine, of which there are many qualities in the market, 
to which reference is made in another chapter. Prussian 
blue is also used, but this is usually produced directly in 
the beating-engine by adding in solution, 95 parts of sul- 
phate of iron and 100 parts of ferrocyanide of potassium 
(yellow prussiate of potash). Smalts blue, which was for- 
merly much used before the introduction of artificial ultra- 
marine, is still preferred for high-classed papers as the 
colour is more permanent. To obtain smalts in an ex- 
ceedingly fine state of division the best plan is to grind 
the colour in a little water, and then to separate the finest 
particle by the process of elutnatioriy that is, by diffusing 
the reduced mass through a large volume of water, and 
after allowing the larger particles to subside, pouring off 
the liquor in which the finer particles are suspended, to a 
separate vessel, in which they are allowed to subside. If 
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this operation is carefully conducted the smalts may be 
obtained in an exceedingly fine state of division, and we 
have found that in this state the colour blends well with 
the pulp, and has little or no disposition to sink through 
it, but produces a uniform colouring throughout. 

American Combmations for Colouring. — Kofmann 
gives the following examples of the combination of colours 
which have been adopted by American manufacturers : — 

Yellow Gold Envelope of fine quality is made of — 

Bichromate of potash 10 lbs. 

Nitrate of lead 13 ,, 

Orange mineral ^6 ,, 

Porous alam 30 ,, 

each substance being separately dissolved and added to 
400 lbs. of pulp. 

Orange-red Gold Envelope : — 

Bichromate of potash 7 lbs. 

Nitrate of lead 10 J 

Orange mineral 60 

Porous alum • 20 






These substances are dissolved separately and added to 
400 lbs. of pulp. 

Buff Envelope of fine deep shade is made from — 



Bichromate of potash . 


3 lbs. 


Nitrate of lead 


6 ,, 


Orange mineral . 


. 10 „ 


American ochre . 


20 „ 


Porous alum 


30 .. 



Some half-stu£E of red jute bagging. For 400 lbs. of 
pulp. 

Tea-Colour is made from a decoction of quercitron bark, 
the liquid being poured into the engine, and 2 lbs. of cop- 
peras in solution are added for every gallon of the bark 
extract. A little ultramarine may be used to brighten 
the colour. 

Drab. — Venetian red, well washed, added to a pulp of 
tea-colour made as above will give a fine drab. 

Brown is composed of several colours, or a very fine 
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dark ^reen tea-colour brown, containing tea, buff, drab, 
and ink-grey, may be made of — 

Qaercitron bark liquid 15 gals. 

Bicarbonate of Hoda 2 lbs. 

Venetian red 4 

Extract of nutgalls 2| 

Copperas 18 



Porous alum 30 



»» 
»> 



f ; 



The above proportions are for 400 lbs. of pulp. 

The large proportion of alum prescribed in all the above 
examples serves as a mordant, and also, with the addition 
of resin soap, for sizing. All the above mixtures should 
be passed through a No. 60 wire-cloth into the beating- 



engine. 



Mixing Colouring Materials with Fnlp. — It will be 
readily understood that when paper is sized in the pulp, 
as Mr. Hofmann points out, the resinous alumina sur- 
rounds the fibres and prevents tlie colouring materials 
from penetrating them. In such cases the colouring 
materials are only loosely held, and a portion must there- 
fore be lost in the machine. If added to the pulp before 
it is sized they become thoroughly mixed with the fibres, 
and with them enveloped by the size. The pulp should 
always be coloured before it is sized, except in cases where 
the alum or resin soap would injure the colours, or be 
injured by them. While the pulp is being sized and 
coloured, the finishing touch is given by the engine-man, 
who examines it and empties it into the stuff-chest. 

Colouring Paper for Artificial Flowers. — Davis gives 
the following recipes for colouring one ream of paper of 
medium weight and size, sap colours only being used, and 
principally those containing much colouring matter. The 
gum arable given in the recipes is dissolved in the sap- 
liquor. 

Blue (dark) 1. — Mix 1 gallon of tincture of Berlin blue 
with 2 ozs. each of wax soap and gum tragacanth. 2. 
^lix \ gallon of tincture of Berlin blue with 2 ozs. of 
wax soap, and 4J ozs. of gum tragacanth. 
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Crimson, — Mix 1 gallon of liquor of Brazil wood com- 
pounded with' borax, 2 ozs. wax soap and 8|- ozs. of gum 
arabic. 

Green — 1. Take J gallon of liquor of sap-green*, 4 J ozs. 
of indigo rubbed up fine, 1 oz. of wax soap, and 4^ ozs. of 
gum arabic. 2. J gallon of eap-green liquor, 4^ ozs. of 
distilled verdigris, 1 oz. of wax soap, and 4J ozs. of gum 
arabic. 

Yellow (golden). — Mix 6J ozs. of gamboge with 2 ozs. 
of wax soap. 

Yellow (lemon). — 1. Compound 1 gallon of juice of 
Persian berries with 2 ozs. of wax soap and 8|- ozs. of gum 
arabic. 2. Add to 1 gallon of quercitron liquor, com- 
pounded with solution of tin, 2 ozs. of wax soap, and 
8f ozs. of gum arabic. 

Yellow (pale). — Mix 1 gallon of fustic, 2 ozs. of wax 
soap, and 8|- ozs. gum arabic. 

Yellow (green). — Compound 1 gallon of sap-green 
liquor with 2 ozs. each of distilled verdigris and wax soap, 
and 8|- ozs. of gum arabic. 

Red (dark). — 1 gallon of Brazil-wood liquor, 2 ozs. of 
wax soap, and 8-|- ozs. of gum arabic. 

Rose Colour, — Mix 1 gallon of cochineal liquor with 
2 ozs. of wax soap, and 8|- ozs. of gum arabic. 

Scarlet, — 1. Mix 1 gallon of Brazil wood liquor com- 
pounded with alum and a solution of copper, with 2 ozs. 
©f wax soap, and 8|^ ozs. of gum arabic. 2. Mix 1 gallon 
of cochineal liquor compounded with citrate of tin, with 
2 ozs. of wax soap, and 8|^ ozs. of gimi arabic. 

Stains for Glaied Papers. — Owing to the cheapness of 
these papers glue is used in lieu of the more expensive 
gums ; 1 lb. of glue dissolved in IJ gallon of water ; the 
proportions of colouring materials are given for 1 ream of 
paper of medium weight and size. 

Black, — 1. Dissolve 1 lb. of glue in 1 J gallon of water ; 
triturjate this with lampblack (1 lb.) previously rubbed up 
in rye whiskey ; Frankfort black, 2| lbs. ; Paris blue, 2 ozs.; 

* The berries of Rhamnua eathartiem made into a decoction by boiling. 
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wax soap, 1 oz. ; then add liquor of logwood, 1 J lb. 2. 
1^ gallon of liquor of logwood compounded with sul- 
phate of iron, 1 oz. of wax soap, and 4^ ozs. of gum 
arabic. 

Blue (azure). — IJ gallon of glue liquor, as before, 
mixed with 1^ lb. Berlin blue, 2| lbs. powdered chalk, 
2j ozs. of light mineral blue,, and 2 ozs. of wax soap. 

Blue (dark). — Mix with 1^ gallon of glue liquor, 4 J lbs. 
of powdered chalk, 4j ozs. of Paris blue, and 2 ozs. of wax 
soap. 

Bhie (pale). — 1. Mix ^ gallon of tincture of Berlin blue 
and 1 oz. of wax soap with 3^ ozs. of solution of gum 
tragacanth. 2. Take IJ gallon of glue liquor and mix 
with 4 lbs. of powdered chalk and 2 ozs. each of Paris blue 
and wax soap. 

Brovm (dark). — 1. 1^ gallon of glue liquor, mixed 
with 6 lbs. each of colcothar (jewellers' rouge) and Eng- 
lish pink, 1^ lb. of powdered chalk, and 2 ozs. of wax soap. 
2. Dissolve 1 oz. of wax soap and 4J ozs. of gum arabic in 
\ gallon of good Brazil-wood liquor, and add a like quan- 
tity of tincture of gallnuts. 

Green (copper). — Mix in IJ gallon of glue liquor 4 lbs. 
of English verdigris, \\ lb. of powdered chalk, and 4 ozs. 
of wax soap. 

Green (pale). — Mix with \\ gallon of glue liquor 1 lb. of 
Bremen blue, %\ ozs. of whiting, 1 oz. of pale chrome yel- 
low, and 2 ozs. of wax soap. 

Lemon Colour, — ^Mix in \\ gallon of glue liquor 13 ozs. 
of lemon chrome, 2 lbs. of powdered chalk, and 2 ozs. of 
wax soap. 

Orange-Yellow, — Mix in IJ gallon of glue liquor 2 lbs. 
of lemon chrome, 1 lb. of Turkish minium, 2 lbs. of white 
lead, p,nd 2 ozs. of wax soap. 

Red (cherry). — Mix in \\ gallon of glue liquor SJ lbs. 
of Turkey red, previously mixed up with \ gallon of 
Brazil-wood liquor, and 2 ozs. of wax soap. 

lied (dark). — Mix | gallon of Brazil-wood liquor with 
wax soap 1 oz., and gum arabic 4i ozs. 
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Red (pale). — To 1 J gallon of glue liquor is to be added 
8 J lbs. of Turkey red previously rubbed up with 2 ozs. of 
wax soap. 

Violet. — 4J ozs. of gum arabic, and 1 oz. of wax soap 
are to be mixed with J gallon of good logwood liquor. 
When the gum is dissolved, mix with it enough potash to 
form a mordant. 

Stains for Morocco Papers. — For 1 ream of paper of 
medium size and weight the following recipes are re- 
commended : — 

Black, — 8f ozs. of good parchment shavings are dis- 
solved in li gallon of water ; into this liquid is to be 
stirred lampblack, 1 lb., Frankfort black, 3 lbs., and 
Paris blue, 1^ oz. 

Bltie (dark). — ^Dissolve parchment shavings, as before, 
and mix in 8^ lbs. of white lead and 4J lbs. of Paris 
blue. 

Blue (light). — Dissolve parchment shavings, as be- 
fore, and mix in 8|- lbs. of white lead and 2j ozs. of 
Paris blue. 

Green (dark). — Dissolve 13 ozs. of parchment shavings 
in 2 J gallons of water, and mix in 10 lbs. of Schweinfurth 
green. 

Gi^een (pale). — Prepare solution of parchment as in the 
last, and mix with 8^ lbs. of Schweinfurth green and 1 lb. 
of fine Paris blue. 

Orange- Yellow, — 8|- ozs. of parchment shavings are to 
be dissolved in 1 J gallon of water, and then mixed with 
1^ lb. of lemon chrome, 8|- ozs. of orange chrome, and 1 lb. 
of white lead. 

Red (dark). — To the same quantity of parchment liquor 
as the last is to be added 1^ lbs. of fine cinnabar, and 1 lb. 
of Turkey red. 

Red (pale). — To the same quantity of parchment liquor 
add 8f ozs. of Turkey red. 

Violet (light). — To 1^ gallon of parchment liquor add 
A\ lbs. of white lead, 13 ozs. of light mineral blue, and 8^ 
ozs. of scarlet lake. 
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Violet (dark). — To 1^ gallon of parchment liquor add 
3|^ lbs. of white lead, 1 lb. of pale mineral blue, and 
KJ 0Z8. of scarlet lake. 

Yellow (pale). — To 1| gallon of parchment liquor add 
2 lbs. of light chrome yellow and 8f ozs. of white lead. 

Stams for Satin Papers. — For each ream of paper of 
medium weight and size the following recipes are 
given : — 

Blue (azure). — 13 ozs. of parchment are dissolved in 
2i gallons of water and mixed with 3 lbs. of Bremen 
blue. If lb. of English mineral blue, and 4^ ozs. of wax 
soap. 

BltAe (light). — &J ozs. of parchment are to be dissolved 
in 1^ gallon of water, and to be mixed with light chrome 
yellow, 13 ozs. ; colcothar, 6^ ozs. ; Frankfort black, 2 ozs. ; 
powdered chalk 3 lbs., and wax soap, 3J ozs. 

Brown (reddish). — IJ gallon of parchment liquor as the 
last, to which is added yellow ochre, 1 lb. ; light chrome 
yellow, 4 J ozs. ; white lead, 1 lb. ; red ochre, 1 oz., and 
wax soap, 3^ ozs. 

Broum (light). — IJ gallon of parchment liquor, as be- 
fore, to which is added 13 ozs. of light chrome yellow, 
6 J ozs. of colcothar, 2 ozs. of Frankfort black, 3 lbs. of 
powdered chalk, and 3J ozs. of wax soap. 

Grret/ (light). — 1^ gallon of parchment liquor is mixed 
with 4 J lbs. of powdered chalk, 8f ozs. of Frankfort black, 
1 oz. of Paris blue, and 3J ozs. of wax soap. 

Gre^ (bluish). — To the above quantity of parchment 
liquor add 4 J lbs. of powdered chalk, 1 lb. of light mineral 
blue, 4j ozs. of English green. If oz. of Frankfort black, 
and 3^ ozs. of wax soap. 

Grreen (brownish). — To the same quantity of parchment 
liquor add Schweinfurth green, 1 lb. ; mineral green, 
8f ozs. ; burnt umber and English pink, of each 4^ ozs. ; 
whiting, 1 lb., and wax soap, 3J ozs. 

Gfreen (light). — To the same quantity of parchment 
liquor add English green and powdered chalk, of each 
2f lbs., and 3^ ozs. of wax soap. 
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Lemon Colour, — To the same quantity of parchment 
liquor add lemon chrome, H lb. ; white lead 1 lb., and 
wax soap, 3^ ozs. 

Orange- Yellow. — Parchment liquor as before, IJ galloD, 
to which is added lemon chrome, 4J lbs. ; Turkey red, 
8^ ozs. ; white lead, 1 lb., and wax soap, 3^ ozs. 

Rose Colour, — 1^ gallon of parchment liquor as before, 
to which is added ^ gallon of rose colour prepared from 
Brazil wood and chalk, and 6J lbs. of wax soap. 

Violet (light). — 1 J gallon of parchment liquor as above, 
mixed with light mineral blue and scarlet lake, of each 
IJ lb. ; white lead, 1 lb., and wax soap, 3 J ozs. 

White, — To 1^ gallons of parchment liquor is added fine 
Kremnitz white, 8f lbs., Bremen blue, 4^ ozs., and wax 
soap, 3^ ozs. 

Silver White, — 1^ gallon of parchment liquor mixed 
with Kremnitz white, 8|^ lbs., Frankfort black, 8|- ozs., and 
wax soap, 3^ ozs. 

Fale Yellow, — 1^ gallon of parchment liquor, to which 
is added 4^ lbs. of light chrome yellow, 1 lb. of powdered 
chalk, and 3^ ozs. of wax soap. 
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MISCELLANEOUS PAPERS. 

Waterproof Paper. — Scoffern and Tidcombe's process. — Dr. Wright's 
process for preparing Capro-Ammonium. — Jouglet's process. — 
Waterproof Composition for Paper. — Toughenins: Papor. — Morfit's 
process. — ^Transparent Paper, — Tracing Paper. — Varnished Paper.— 
Oiled Paper. — Lithographic Paper.— Cork Paper. — New Japanese 
Paper. — Blotting Paper.— Parchment Paper — Test Papers. 

Waterproof Paper. — Scoffern and Tidcombe^s Process. — 
In this process, for which a patent was granted in 1875, 
the well-known solubility of cellulose in cupro-ammonium 
is taken advantage of, for the purpose of producing water- 
proof paper by destroying its albsorptive properties. After 
the paper is made and dried in the usual way by the paper- 
making machine, it is led through a bath of cupro-ammo- 
nium, having a roll or rollers therein, or in connection 
therewith, either on reels on which the paper is reeled, or 
from the continuous web of paper itself directly from the 
machine, and from this bath it is led over a table of wire- 
cloth, or india-rubber, or over a series of rollers forming a 
table, under which steam-pipes are placed for the purpose of 
" setting," or partially drying, the web ; it is then led over 
suitable reels in a hot-air chamber to season 6t finish the 
treated paper, which is then cut as the paper runs, by the 
ordinary cutting machine, into the required sheets. The 
chamber in which the paper is treated is ventilated as 
follows : — Over the bath and hot-air chamber is another 
chamber having openings leading into the hot-air cham- 
ber, and at these openings a steam-blast, or fan-blast, is 
applied, which ventilates the chamber in which the paper 
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is heated, and drives the ammonia into contact with either 
sulphurous or hydrochloric acid, and by this means the 
ammonia is recovered in a solid form which would other- 
wise be wasted. 

The inventors also incorporate hydrated oxide of copper 
with paper pulp, so that after it is made into paper it has 
only to be subjected to the action of ammonia, as ordi- 
narily, done, or to the action of gaseous ammonia mingled 
with steam. Brown papers are strengthened and glazed 
by passing them through a bath of pulp containing cupro- 
ammonium, either with or without pitch, tar, or other 
resinous matters. It is well known that by passing paper 
through a cupro-ammonium bath it is surface dissolved 
and glazed by its own material, and if it be desired to 
unite two or more sheets together this is the most econo- 
mical way of conducting the operation ; but if it be 
desired to strengthen and glaze a single thickness of paper 
or millboard, it is considered undesirable to make the 
glaze by dissolving a portion of the paper itself. In this 
case the inventors pass the web or sheet of paper through 
a bath, not of cupro-ammonium simply, but of cupro-am- 
monium in which ligneous material is already dissolved ; 
and when the glazing of brown paper is to be efEected, 
they prefer to f ortif ;^ the bath with tar, pitch, marine 
glue, or other resinous materials. By this process, panels 
and tiles may be manufactured from millboard, or thick 
sheets of ligneous material made from pulp already incor- 
porated with hydrated oxide of copper. The panels, etc., 
are passed, by means of an endless web, through a bath of 
ammoniacal solution, or the vapour of ammonia and steam, 
and the tiles or panels may be surface-glazed by exposing 
them while moist to the action of fluo- silicic acid gas, by 
which silica is deposited in the material and on its surface. 

Dr. Wright's Process for preparing Capro-ammoniiuii. 
— ^This process, which has been adopted at the Willesden 
Paper Mills, may be thus briefly described : — In the first 
part of the process, metallic copper, in small lumps, solid 
metal, or clippings, etc., is covered with a solution of am- 
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monia in water, or with a weak solution of cupro-ammo- 
nium hydrate, containing an amount of free ammonia in 
solution dependent upon the strength of the copper solu- 
tion ultimately required ; a current of air is then caused to 
pass through the whole by means of an air-pump, in such 
a manner that the bubbles of air pass over and amongst 
the fragments of metallic copper, which, if in smaU parti- 
cles, may be advantageously kept in suspension by any 
convenient agitator. In a few hours the liquid becomes 
saturated with as much copper as it can dissolve, the rate 
of solution varying with the form of the vessel containing 
the materials, the strength of the ammoniacal fluid, and 
the rate of the passage of the stream of air. To carry 
this process into effect, metallic copper in fragments of 
convenient size is loosely piled inside a vertical tube or 
tower, and water is allowed to trickle from a pipe over the 
copper so as to keep its surface moist. At the base of the 
tower a current of air, mixed with ammonia gas, is caused 
to pass into the tower, so as to ascend upwards, meeting 
the descending water as it trickles over the copper. Under 
these conditions the copper becomes oxidised, and the 
water dissolves firstly the ammonia gas, and, secondly, the 
oxide of copper formed, so that the liquor which passes out 
at the base of the tower is a solution of cupro- ammonium 
hydrate, the strength of which depends on the proportions 
subsisting between the bulk of the mass of copper, the 
quantity of water trickling over it, and the amoimt of 
air and ammonia gas supplied in a given time. As an 
example of the method of carrying out the above process, 
the inventor proceeds as follows : — ^He constructs a vertical 
iron tower which may be ten inches in internal diameter 
and ten feet in height, and this is filled with scraps of 
sheet copper. On this water is allowed to trickle, whilst 
at the base of the tower a mixture of air and gaseous am- 
monia is allowed to pass upwards through the tower, by 
which a solution of cupro-ammonium is formed, which is 
allowed to trickle out at the base of the tower into a tank. 
It has been found advantageous to use a series of towers. 
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allowing the air and ammonia gas that pass out at the 
top of the first tower to enter at the bottom of the second 
tower, and so on successively throughout the series. The 
weaker solutions produced in the later towers of the series 
are used instead of water in the earlier towers, so that 
practically all the ammonia gas originally used is obtained 
in the form of cupro-ammonium hydrate solution, issuing 
from the first tower of the series. 

The cupro-ammonium process, as carried on at the Wil- 
lesden Mills, is applied to ropes, netting, etc., by immers- 
ing them in a solution of cupro-ammonium, which, when 
they are subsequently dried, gives them a varnished ap- 
pearance, while at the same time, the fibres having become 
cemented together by the action of the cupro-ammonium, 
their strength is increased. By the same process paper, 
canvas, and other manufactured articles are rendered 
waterproof. A concentrated solution of cupro-ammonium 
may also be used for securing envelopes, whereby the 
adhesion of the surfaces of the paper is rendered perfect, 
and the only means of opening the envelope is by cutting 
or tearing the paper. 

Jouglet's Process. — This process, which with modifica- 
tions has been adopted by others, is based on the solvent 
action on cellulose of a solution of oxide of copper in am- 
monia. A quantity of this solution is placed in a tank, 
and the paper rapidly passed over and in contact with 
the surface of the liquid, by means of suitable rollers in 
motion. The paper is afterwards pressed between a pair of 
rolls and dried by the ordinary drying cylinders. The 
brief contact of the paper with the liquid occasions just 
sufficient action on the cellulose to have the e£Eect of an 
impermeable varnish. 

Waterproof Composition for Paper. — The following 
composition for rendering paper waterproof for roofing 
and flooring purposes has been patented in America.* By 
preference good, hard manilla paper is selected, and a 
composition of the following ingredients is applied with a 

* Paper Trade Journal, New York, April 20th, 1889. 

N 
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brush, or by means of rollers : — Glue, 2 lbs., is dissolved 
in 3 gallons of crude petroleum, of about the density of 
33° B. at 60° F. ; 35 gallons of resin oil, and about half 
a pint of oil of eucalyptus, which will have the effect of 
destroying the objectionable odour, of the resin oil. To 
this mixture i^ further added about 4 gallons of any ordi- 
nary drier. The above ingredients are to be thoroughly 
mixed by agitation, and the composition brushed over 
the paper in a room heated to about 80° F., and allowed 
to dry. It is said that paper thus coated will exclude 
wind, cold, dampness, and dust. 

Toughening Paper. — Morfifs Process, — ^The object of 
the followiQg process is to produce a paper " toughened in 
a degree and quality distinctively from any other in the 
market,'' and is applicable to all kinds of paper, but more 
particularly to those made with inferior grades of pulp for 
printing newspapers, and for wrapping papers. The means 
employed are the seaweeds which form glutinous liquors 
with waterj such as Carrageen, or Irish moss. Agar-agar, 
and the like. Any of such seaweeds may be employed, 
either separately or mixed with another of its kind, accord- 
ing to the judgment of th§ operator and the sort of paper 
to be manufactured, but some seaweeds are superior to 
others for this purpose. The raw seaweed is first washed, 
and then boiled with water until all the soluble matter has 
been extracted, and the resulting liquor is then strained. 
The hot strained Kquor forms the bath in which sheets of 
paper or pulp are to be treated. If desired, resin soap and 
aluminous cake may be added to the glutinous liquor, but 
these " serve rather to size and make the paper rustle than 
increase its toughness." If the paper is to be treated in 
the form of sheets or web, it is to be passed, as it leaves 
the wire-cloth in which it is formed, through a hot solu- 
tion of the seaweed alone, or mixed with resinous soap 
and aluminous cake, and dried by means of suitable machi- 
nery. To apply it to the pulp, the latter is to be diffused 
in the hot liquor, and the sheets or web made therefrom in 
the usual manner. The proper proportions of seaweed. 
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resinous soap, and aluminous cake will vary with the kind 
of pulp and sheets under treatment, and must be adjusted 
as the judgment of the operator determines best for each 
operation. 

Transparent Paper. — ^There are several methods of 
rendering paper transparent, amongst which the'foUowing 
has been recommended : — 

Boiled and bleached linseed oil . . . .120 parts. 

Lead turnings 6 »> 

Oxide of zinc . 30 ,, 

Venice turpentine 3 ,, 

The above ingredients are placed in an iron or other suit- 
able vessel, in which they are thoroughly mixed, and the 
. whole then boiled for about eight hours. The mixture is 
then allowed to cool, when it is again well stirred and the 
following substances added : — White copal, 30 parts ; gum 
sandarac, 2 parts, these ingredients being well incor- 
porated by stirring. 

Tracing Paper.— Sheets of smooth unsized paper are 
laid flat on a table, and then carefully coated on one side 
only with a varnish composed of Canada balsam and oil of 
turpentine. The brush used for this purpose must be a 
clean sash tool, and when the first sheet has been var- 
nished in this way it is to be hung across a line to dry. 
The operation is then to be applied to fresh sheets in suc- 
cession until the required quantity of paper has been 
treated. In the event of one coating of the varnish not 
rendering the paper sufficiently transparent, a second coat- 
ing may be applied when the first coating has become 
quite dry. 

Varnished Paper.-^When it is desired to varnish the 
surface of paper, card- work, pasteboard, etc., it must first 
be rendered non-absorbent with two or three coatings of 
size, which will also prevent the varnish from acting upon 
any colour or design which may be impressed upon the 
paper. The size may be made by dissolving isinglass in 
boiling water, or by boiling clean parchment cuttings in 
water until a clear solution is formed, which, after strain- 
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ing, is ready for use. If necessary, for very delicate pur- 
poses, the size thus prepared may be clarified with a little 
white of egg. The size should be applied, as in the former 
case, with a clean sash tool, but the touch should be light, 
especially for the first coating, lest the inks or colours 
should run or become bleared. When dry, the yamish 
may be applied in the usual way. 

Oiled Paper. — Sheets of paper are brushed over with 
boiled linseed oil, and then hung up to dry. Paper thus 
prepared is waterproof, and has Deen used as a substitute 
for bladder and gut skins for covering jam pots, etc., but 
the introduction of parchment paper has almost entirely 
superseded it. 

Uthographic Paper. — ^This paper, which is written 
upon with lithographic ink, may be prepared by either 
of the following formulae : — 1. Take starch, 6 ozs. ; gum 
arable, 2 ozs. ; alum, 1 oz. Make a strong solution of each 
separately in hot water, then mix the whole and strain the 
liquor through gauze. It must be applied to one side of 
the paper while still warm by means of a soft brush or 
sponge ; a second or third coating may be given as the 
preceding one becomes dry. The paper is finally pressed 
to render it smooth. 2. The paper must first receive three 
coats of thin size, one coat of good white starch, and 
one coat of a weak solution of gamboge in water. The 
ingredients are to be applied cold with a sponge, and each 
coat allowed to dry before the next is applied. 

Cork Paper. — ^A paper under this title was patented in 
America by Messrs. H. Felt and Co. ; it is prepared by coat- 
ing one side of a thick, soft, and flexible paper with a mix- 
ture composed of glue, 20 ; gelatine, 1 ; and molasses, 3 
parts, and covering with finely-powdered cork, which is 
afterwards lightly rolled in. The paper thus prepared is 
said to be used for packing bottles. 

New Japanese Paper. — According to the Bulletin du 
Musde Commercial, a native of Japan has recently invented 
a new process by which paper may be made from seaweed. 
The paper thus made is said to be very strong, almost 
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untearable, and is sufficiently transparent to admit of its 
being used as a substitute for window glass ; it takes all 
colours well, and in many respects resembles old window 
glass. — Board of Trade Journal. 

Blotting Paper. — ^This paper, requiring to be very ab- 
sorbent, is not sized, but is prepared with starch alone, 
which, while holding the fibres together, does not afEect 
the absorbent property of the paper. Dunbar gives a 
recipe for making blotting paper which has been foimd 
successful, and from which we make a few extracts. In 
selecting materials for blotting, of high-class, cotton rags 
of the weakest and tenderest description procurable should 
be chosen. Boil them with 4 lbs. of caustic soda to the 
cwt. — that is, if you have no facilities for boiling them in 
linjte alone. When furnished to the breaking-engine, wash 
the rags thoroughly before letting down the roll ; when 
this is done, reduce them to half-stufi, and as soon as 
possible convey them to the potcher. When up to the 
desired colour, drain immediately. The breaker-plate 
should be sharp for blottings, and the beater-roU and plate 
also in good order, and the stuff beaten smartly for not 
more than an hour and a half in the engine. For pink 
blottings furnish two-thirds white cottons and one-third 
of Turkey reds if they can be got, or dye with cochineal to 
desired shade ; empty down to the machine before starting, 
and see that the vacuum pumps are in good condition. 
Remove weights from couch-roll, and if there are lifting 
screws raise the top couch-roU a little. Take shake-belt 
off, as the shake will not be required. Press light with 
first press, and have the top roil of the second press covered 
with an ordinary jacket similar to couch-roll jacket. Dry 
hard, and pass through one calender with weights off, and 
roll as light as possible, just enough to smooth slightly. 

Farclunent Paper. — This paper, which is extensively 
used for covering jars and pots for pickles and jams, is 
prepared, according to the process of Poumarede and 
Figuier, as follows : — ^White unsized paper is dipped for 
half a minute in strong sulphuric acid, specific gravity 
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1*842, and afterwards in water containing a little am- 
monia. By Gaine's process (1857) unsized paper is 
plunged for a few seconds into sulphuric acid diluted with 
half to a quarter of its bulk of water (the acid being added 
to the water), and the solution allowed to cool untu of the 
same temperature as the air. The paper is afterwards 
washed with weak ammonia. This process, which has 
been extensively worked by Messrs. De la Rue and Co., 
produces a far better material than the foregoing. 

Mill and Card-board. — ^In the manufacture of boards 
refuse materials of all kinds that occur in the paper-mill 
may be used, and these are sorted according to the quality 
of boards for which they are best suited. After being well 
beaten the resulting mass is mixed with suitable propor- 
tions of rag pulp, kaolin, chalk, white clays, &c. There 
are four principal processes by which boards are manu- 
factured, namely, 

1. By superposing several sheets of paper and causing 
them to unite by a sizing material. 

2. By superposing several wet leaves at the time of 
couching. 

3. By moulds provided with thick deckles. 

4. By special machine^ similar to those used for making 
continuous webs of paper, but without a drying cylinder, 
the sheets being dried in the open air or in a heated room. 

The third method is only adopted for boards of moderate 
thickness, as an excess of pulp would render the draining 
difficult. 

' Making Paper or Cardboard with two Faces by Ordi- 
nary Machine. — By this process, recently patented by 
Mr. A. Diana, all kinds of thin or thick paper or cardboard 
are manufactured with two different faces by means of the 
ordinary paper-machine, having a single flat table with a 
single wire-gauze web, without requiring a second me- 
talfic web. For this purpose the two pulps are prepared 
separately, and one is caused to pass on to the web in an 
almost liquid condition ; this is allowed to drain off suffi- 
ciently, and the second pulp (also in a liquid condition) is 
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then passed uniformly upon the whole surface of the pre- 
vious layer. The water drains off from this layer through 
the first layer, and the paper or cardboard is thus directly 
formed with two different faces, the subsequent operations 
being as ordinarily employed in paper-making. The space 
between two'of the suction cases employed for drawing off 
the water in the pulp is a suitable point for the distribu- 
tion of thei diluted second pulp, which is almost liquid. 

Test Papers. — ^These papers, which are extenaiTely used * 
both in the laboratory and the factory, for determining the 
presence of acids or alkalies in various liquids, may be pre- 
pared as follows : — Litmus paper, for detecting the pre- 
sence of acids, is prepared by first making an infusion of 
litmus. Reduce to a paste with a pestle and mortar 1 oz. 
of litmus, adding a L'ttle boiling water ; then add more 
boiling water — from 3 to 4 ozs. in all — and put the mix- 
ture into a flask and boil for a few minutes ; finally, add 
more boiling water to make up half a pint, and when cold 
filter the liquor. To prepare the test paper, a sufficient 
quantity of the liquid being poured into a flat dish, pieces 
of unsized paper are steeped in the blue liquid, so that all 
surfaces may be thoroughly wetted; the paper is then to 
be hung up by one comer to drain, and afterwards dried. 
As many sheets of paper as may be required should be 
treated in this way, and the sheets afterwards cut up into 
convenient strips for use, Red' litmus paper, for detecting 
slight traces of alkali in liquids, may be prepared by 
dipping a glass rod, previously dipped into a very dilute 
solution of sulphuric acid, into one-half of the above in- 
fusion, repeating the operation cautiously until the liquid 
turns from blue to a slightly red tint. Unsized paper 
when dipped in this will acquire a reddish colour which is 
very sensitive to the action of weak alkaline liquors, and 
the vapour of ammonia restores the blue colour instantly. 
Turmeric paper is prepared by dipping unsized paper in a 
decoction of turmeric — iabout 2 ozs. to the pint. Paper 
steeped in this solution and dried acquires a yellow colour, 
which turns brown in alkaline solutions. 
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MACEINURT USED IN PAPER-MAKING. 

Bentley and Jackson's Drum Washer. — Drying Cylinder. — Self- Acting 
Dry Felt Kegnlator. — Paper Cutting Machine. — Single Web Winding 
Machine. — Cooling and Damping EoUs. — Reversing or Plate Glazing 
Calender. — Plate Planing Machine. — Roll Bar Planing Machine. — 
Washing (blinder for Rag Engine.— Bleach Pump, — Three-roll 
Smoothing Presses. — Back-water Pump. — Web Glazing Calender. — 
Reeling Machine. — Web Ripping Machine. — Roeckner's Clarifier. — 
MarshuU^s Perfecting Engine. 

Apart from the . mechanical contrivances which are re- 
ferred to in various parts of this work, in which their 
application is explained, it will be necessary to direct 
attention to certain machines and appliances which are 
adopted at some of the more advanced paper-mills in this 
country and in America ; but since the various makers of 
paper-makers' machinery are constantly introducing im- 
provements to meet the requirements of the manufacturer, 
we must refer the reader to these firms for fuller informa- 
tion than can be given in the limited scope of this treatise. 
Many of the improvements in paper-making machinery 
consist in modifications — sometimes of a very important 
nature — in the construction of certain parts of a machine, 
whereby the efficiency of the machine as a whole is in 
some cases considerably augmented. Without offering 
any critical remarks upon the merits of the respective 
improvements which have been introduced, it will be 
sufficient to direct attention to the manufacturer's own 
description of the principal features of the special me- 
chanical contrivance which he produces for the use of the 
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paper-maker. It may also be said tliat innumerable 
patents bave been obtained for various improvements in 
macbinery, or parts of machines, engines, etc, wbicb 
can readily be referred to at the Library of tbe Patent 
Office, or any of tbe public libraries tbrougbout tbe King- 
dom. 

Bentley and Jackaon'a Dmm-'Wudior. — Tbfs drum- 
wasber, for use in the rag-engine, is shown in Fig. 43. 
It has cast-iron ends, strong copper buckets, shaft, stands, 
lifting-gear, and driving-wheel, but instead of the drum 
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being covered with the ordinary strong brass backing- wire, 
it is covered with tbeir improved " bouey-comb " backing- 
platm, over wbicb tbe fine wire is wrapped as usual. The 
boney-comb backing consists of tough rolled brass or 
copper plates, curved to suit tbe diameter of tbe drum, 
and secured to its ends by cross-bars. It is practicably 
indestructible, strengthens tbe drum, and by maintaining 
its cylindrical form, adds considerably to tbe durability of 
tbe fine covering-wire. 

ItTTing Cylindem. — These cylinders, by tbe same firm, 
for which patents were obtained in 1872 and 1887,- 
are made with concave and convex ends, tbe latter type 
being shown in Fig. 44. Tbe cylinder body is made 
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of hard cast-iron, turned and polished on outside surface. 
The ends and trunnions bre of tough cast iron, turned to 
fit into their places, and there secured by bolts and nuts 
by a patent^ method, whereby no bolts (excepting for 
the manhole) are put through the metal, an unbroken 
surface is preserved, and the annoyance of leakage through 
the bolt-holes is aVoided. A manhole and cover is fitted 
to all cylinders 3 feet in diameter and upwards, and a 



Fig. «. 

water-lifter and pipe to remove the condensed steam. 
The trunnions are bored to receive nozzles or junctions 
for admitting st«am, and the whole, when completed, 
is carefully balanced and tested by steam pressure to 
35 lbs. per square inch. The firm state that they have 
made cylinders from 2 to 10 feet in diameter by this 
system. ■ 

Self-aotii^c Diy Felt B^n^^oi^ — This contrivance, 
which is manufactured by Messrs. Bentley and Jackson, 
is represented in front and side elevation in Fig. 45. a 
is the framing of the paper-machine, B the felt-rollers, c 
the dry felt ; D is a wide carrying one end of the felt 
guide-roller b ; c is a shaft across the machine, with a . 
pidley F, two-keyed on one end, and a bevel pinion two- 
keyed on the other end. The pulley F and pinion h are 
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keyed together, and nm loose upoa the shaft g ; i is a 
bevel-wheel, gearing into the pinions h and 2. The 
wheel I is connected hy a spindle and a pair of bevel- 
wheels to a screw E, which works through a threaded 



Fig. *5. 

bush. When the machine is at work, if the felt c should 
run on one side, it will pass between the pulley F and the 
guide-roller B, causing the pulley to revolve, and turning 
the screw b in the threaded bush, thereby moving the 
■ slide fixing d and the guide-roller b, which causes the felt 
to run back. Should the felt run to the other side, it will 
run in contact with the pulley F 2, and thus reverse the 
motion of the guide-roller b. 

Faper-citttiiig Machine.-:— This machine (Fig. 46), 
which is manufactured by the same firm, is constructed to 
cut from one to eight webs eimultaneoualy, in sheets of 
any reqiaired length, from 8 to 60 inches. It is built on 
the " Vemy " principle, and its operation is as follows : — 
The webs of paper from the reel-rona are carried by an 
endless felt, and the paper is drawn off the rolls by, 
travelling caat-iron gripper beams, which firmly grasp the 
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felt and the weLa of paper to be cut, the travel of the 
beams beint; equal to the length of the sheet of paper to 
be cut. When the required kngth of the sheet is drawn 



Fig. 16. 

from the rolls, a cast-iron clamp, placed close to the dead 
croBS-cut knife, descends and firmly holds the paper until 
the movable cross-cut knife has cut o£E the sheets, which 
fall on a second endless felt, and are placed by the catchers 
in the usual manner. As soon as the sheets are cut, the 
clamp is released, and the travelling-grippers are again 
ready to seize the paper and repeat the operation. 

8]J^Cla Teb Winding BEadijne. — This maeliine (Fig. 47) 
is constructed for preparing webs of paper for continuous 
printing-presses. The roU of paper to be prepared is 
carried by brass bearings having vertical and horizontal 
screw adjustments attached to standards mounted on a 
slide, and movable by a screw transversely on the machine 
to accommodate the deckle edges. The paper web is taken 
through a pair of iron draw-roUs, carried by brass bearings, 
fitt«d in cast-iron stands ; there are two pairs of ripping- 
knives with bosses, springs, and collars, mounted on turned 
wrought-iron shafts running in brass bearings carried by 
caat-iron stands ; a wrought-iron leading-roLL and carrying 
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bcackets fitted with brass bushes ; a copper measuring roll 
counter, geared to indicate up to 10,0^0 yards, with dis- 
engaging apparatus to cease measuring when the paper 
breaks ; a friction-drum % feet in diameter, made of wood. 



Fig. i7. 

mounted on cast-iron rings, and a wrought-iron shaft, all 
carefully turned and balanced ; two cast-iron swivelling 
arms, with brass sliding bearings to carry the mandrel on 
which the prepared web is to he wound, with screws, 
struts, wheels and shaft to regulate the angular pressure 
of the roll of paper against the wood drum, according to 
its weight and the quantity of paper. 

CoolLig and Damping BoUa.— The illustration (Fig. 48) 
represents an apparatus, constructed by Messrs. Bentley 
and Jackson, for cooling and damping paper after leaving 
the drying cylinders and before passing through the 
calenders. It consists of two brass rolls bored and fitted 
with cast-iron ends, brass nozzles, and regulating taps, 
through which the rolls are supplied with a constant flow 
of water. The rolls are carried by cast-iron standards, 
fitted with brass steps and cast-iron caps. Jets of steam 
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are blown on each of the rolls from a perforated copper 
pipe running parallel with, and at a little distance from, 
the body of the roll. The steam ie condensed on the cold 



Fig. 48. 

surfaces of the brass rolls, and absorbed by the web of 
paper, which passes around and in contact with their sur- 
faces, and is consequeutly damped on both sides. The 
perforated st«am-pipes are enclosed by copper hoods, to 
prevent the steam from spreading, and the supply of 
st«am is regulated by ordinary brass valves or cocks. The 
rolls are geared together by a pair of spur-wheels, and 
driven by a pulley of suitable diameter. 
BererBuig or Plate-glosiiir Colendflr. — This machine, 
which is shown in 
Figs. 49 and 50, is 
also made by the 
firm referr^ to, 
and consists of two 
hammered iron 
rolls, each about 
twelve inches ia 
diameter, of any 
suitable length, care- 
' f uUy turned and car- 
ried by strong cast- 
iron standards, fitted with bell-metal steps. The top roll 
is provided with setting-down blocks and brasses, com- 
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pound levers and weights to regulate the pressure re- 
quired. The two rolls are geared together by strong 
shrouded wheels, and driven 
by a strong cast-iron spur- 
wheel and pinion, a driving- 
shaft, fast and loose pulleys,, 
carried by cast-iron stands 
and pedestals fitted with 
brass steps. The machine is 
fitted with two metal feed- 
tables, and a self-acting ap- 
paratus for returning the 
sheets to the rolls, and a - 
handle-lever, slide-bar, and ^8- *"■ 

strap-forks for starting and reversing. 

Plate-planing Ma c h i n e.— This machine, which is manu- 
factured by Messrs. Bryan Donkin and Co., of Ber- 
mondsey, is shown in Fig. 51. By its aid the plates of 



rajf-engines can be sharpened without being taken to 
pieces. The slide of the machine is made exactly like the 
roll-bar planing machine (see below), and is so arranges! 
that it can easily be taken off and used for sharpening 
roll-bars. 
Boll-Bar Planing Kachino. — In the accomparying 
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engraTing (Fig. 52) is shown an apparatus fitted to a 



rag-engine for Bharpening rag-engine roU-bars, and it 
vill be seen that by means of it the operation can be per- 
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formed witW removing the roU from its usual poaition. 
J-be edges of the bara are firat 

planed by a tool supplied by 

the mauufacturers to render 

the whole cylindrical before 

sharpening them; the bevelled 

sides are then planed by suit- 
able toola, two of which accom- 
pany the apparatus. This 

method of aharpening renders 

the bara uniform in shape, the 

roll is kept in better working 

order, and it can be dressed 

in considerably less time, and 

at less expense, than can be 

done by chipping by hand, 
Wa»liiiig^lind«rforBa?- Fi„ 53 

Engine — The illustration at 

Fig. 53 represents the machine as manufactured by 
Messrs. Bryan Donkin 

and Co. It is so made "^ 

that the water is delivered 
on the driving side of the 
rag-engine, thus avoiding 
any trough across the en- 
gine, and admitting o£ the 
midfeather being thin, as 
is usual in cast-iron en- 
gines. It is all self-con- 
tained, and the driving 
apparatus is wholly on the 
outside of the engine. 
The raising and lowering 
are effect^ by a worm 
and worm-wheel, so that 
the cylinder will stop at 
any point required. 

Bleach Pump.— In the ^^*- - 

accompanying engraving (Fig. 54) is shown a p'jjnp. 
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manufactured by Bryan Bonkin and Ck>., which is ar- 
ranged expressly for the purpose of pumping up bleach- 



Fig. GS. 

liquor. Each pump ib all self-contained, and merely 
requires a drum and 
strap to drive it. 
The live and dead 
riggers upon the 
pump allow it to be 
started and stopped 

•9W at pleasure. " In all 

paper-mills/'saythe 
manufacturers, "the 
* bleach-liquor should 
be used overand over 
again, not only to 
save bleach, which 
amounts to a con- 

_. ,. siderable sum in the 

Fig. 6F. „ 

course or a year, 
but also to keep the paper clean." 
Three<Boll Smoothing-Fressfls. — The engraving (Fig- 
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55) shows a 
damp smooth- 
ing-press, with 
roUs for smooth- 
ing the paper 
between the two 
sections of dry- 
ing cylinders 
of a paper-ma- 
chine. The mak- 
ers are Messrs. 
Bryan Donkin 
and Co. A three- 
roll smooth- 
ing press, for 
smoothing the 
paper at the end 
of a paper-ma- 
chine,also by the 
«ame makers, is 
shown inFig.56. 
Back-water 
^ttmp — Theen- 
graving (Fig. 
57) shows apair 
of back or size- 
water pmnps, 
manufactured 
by Bertrams, ! 
Limited. The ' 
barrels are of 
cast-iron, lined 
with copper. 
The suction and 
discharge valves 
are each con- 
tained in a cham- 
ber with covers, 
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BO that every valve could be easily got at by airaply re- 
leasing the cover. The valve-seats are of brass, with brass 
guards and rubber clacks. The plungers are of brass, 
with cup-leathers. All is fitted up on a cast-iron sole- 

Elate, with tall standards, disc-cranlcs, and driving-pulley 
etween frames. 

Wab-glaimar Calander.— Fig. 58 represents Bertrams' 
web-glazing calender, with steam-engine attached. The 
illustration shows the machine in front elevation. The 



steam-engine is specially designed for this class of work, 
having two cylinders 10 inches in diameter by 16 inches 
stroke, fitted on a donble-hooded sole-plate, with double- 
throw crank-shaft, fly-wheel, two eccentrics, wrought-iron 
piston-rods, connecting-rods and valve-rods, steam and 
exhaust branch pipes with one inlet valve, lubricators, 
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and the cylinders cased 
with («ak legging and 
brasa hoops. 

B««ling Macldne. 
— One form of reeling 
machine manuf aetirred 
by Bertrams, Limited, 
is shown in Fig. 59, 
and is used for slitting 
and re-reeKng webs of 

Eaper, especially where 
irge webs are requi- 
site for web-calender- 
ing, web-printing, and 
suchlike. The reel of 
paper from the paper- 
machine is placed on 
a sliding-carriage ar- 
rangement, the brack- 
ets of which are planed 
and fitted to a planed 
sole, with wedge or 
dove-tail comers, and 
controlled by screws, 
hand- wheel, etc., so 
that the reel can 
quickly and easily be 
moved forward or back- 
ward to suit any un- 
equal reeling that may 
have taken place on 
the paper or the ma- 
chine. A hot cast-iron 
is provided for mend- 
ing breaks in the web, 
and a measuring- roll 
and counter is also 
applied. The ma- 



r 
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chine has an important application 
of drawing-in or regulating rolls 
of cast iron, with arrangement of 
expanding pulley for regulating 
the tension on the paper. Slit- 
ting-kniTes, regulating, dancing, 
or leading-rolls, of cast iron, etc., 
are applied for separating the edges 
and guiding the webs after they 
are slit, lie reeling is performed 
by a 3-feet diameter drum, cross- 
shafts, and arms, to which regulat- 
ing heads are fitted, so that several 
weba can be run up at one opera- 
tion. 

Web-Bippiug Kaohine. — This 
machine, which is manufactured by 
Messrs. Bentley and Jackson, is 
g shown in Fig. 60, and is con- 
ii structed to divide weba of paper 
^ into two or more widths. It con- 
sists of two brass bearings on 
cast-iron standards, with screw 
adjustments, a break-pulley and 
friction -regulator, all moimted on 
cast-iron slides, movable trans- 
versely by means of a screw, 
geared- wheels, shaft and hand- 
wheel ; a wood guide-roll, about 7 
inches diameter, with wrought- 
iron centres, carried by brass bear- 
ings with screw adjustment ; three 
skeleton drums, each 2 feet in dia- 
meter, on wrought-iron shafts, 
carried by brass bearings, and 
driven by spur-wheels and pinions ; 
two wrought-iron leading - roUd, 
with brass bearings and cast-iron 
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stands ; a pair of strong wrouglit-iron ripper shafts with 
circular steel knives, bosses, springs, and collars; cast- 
iron stands and brass bearings, spur-wheels and driv- 
ing-pulley; two (or more) changeable wood drums 1 
foot 6 inches in diameter, each with wrought - iron 
shaft and catch-box, carried by brackets fitted with 
brass steps for easily changing, driven by wrought-iron 
shafts with pedestals and friction-pulleys, 2 feet in dia- 
meter, with regulating screws and lock-nuts, all carried 
by strong cast-iron framing and standards, and driven 
by a wrought-iron driving-shaft, with fast and loose 
driving-pidleys, strap-fork and levers for starting and 
stopping. 

Soeckner's Clarifiar. — ^In this apparatus, of which an 
illustration is given in Fig. 61, Mr. Roeckner has taken 
advantage of the fact that if a column of liquid is ascend- 
ing very slowly and quietly within a vessel, it will not be 
able to cariy up with it the solid particles which it con- 
tains, which will gradually fall back and sink to the 
bottom under the action of gravity, without ever reaching 
the top of the vessel, provided this be of sujB&cient height. 
The illustration shows the arrangement of the apparatus 
on a small scale ; the liquor to be clarified is run into a well 
or reservoir b ; into this dip a wrought-iron cylinder c, 
which is open at the lower end, but hermetically closed at 
the top by means of the casing d. From this casing air can 
be withdrawn through a pipe, A, by means of an air-pump i. 
As soon as this is done the liquid will begin to ascend the 
cylinder c, and if the height of this is below that to which 
the water will rise at the atmospheric pressure (say 25 feet), 
the liquid will ascend imtil it fills the cylinder and the 
casing. Into the pocket at the side of the casing there 
dips a pipe </, which passes out through the opposite side 
of the casing, descends below the level of the water in the 
tank, and ends in a discharge- cock. When this cock is 
opened, the cylinder c and the pipe g form between them 
a syphon, of which, however, the descending leg is of very 
smaU diameter compared with the ascending leg. In con- 
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sequence, the liquid will rise in tlie cylinder c very slowly. 
The sediment it contains will sink back and collect in the 
bottom of the tank h, and clear water wiU flow out at the 
outlet. A sludge-cock at the bottom of the tank allows 



the solid matter to be drawn ofE at intervals and conveyed 
to any convenient place for drying, etc.* For drawing 
clear water from a river, the clanfier would simply be 

• Sanitary World, March 29th, 1881, 
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placed in the river, dipping 2 or 3 inches into it below 
the lowest water-level. The clear water will then be drawn 
through the clarifier, while the heavier matters will fall 
down and be carried away by the river current. It is 
stated that this has proved a great advantage to a paper- 
mill which used a river, and had, prior to its use, been 
much troubled through the dirt being pumped with the 
water. The clarifier to receive the waste from paper- 
machinery, or from washings in the engines, can be placed 
in any convenient comer, and by its action the water can 
be re-used, and the otherwise lost fibres collected, without 
its action ever being stopped. 

Marshall's Perfecting Engine. — This engine, a longi- 
tudinal section of which is shown in Fig. 62, has been 
introduced into this country by Messrs. Bentley and Jackson, 
and is described in Industries* as follows : — "The machine, 
which is the invention of Mr. F. Marshall, of Turner's 
Falls, Mass., U.S.A., is used in one of the processes of paper 
manufacture, and has for its purpose the more effectual draw- 
ing of the pulp fibre, the clearance of knots from the pulp 
previous to its delivery on to the paper-making machine, 
and the saving of time in the treatment of the material. As 
will be seen in the illustration (Fig. 62), the machine con- 
sists essentially of a cast-iron conical casing, bored, and 
fitted with about two hundred elbowed steel knives, g, 
placed in sections. At the large end of this conical casing 
is placed a movable disc, also fitted with about two hun- 
dred and ten steel knives, f, and capable of adjustment by 
means of a screw, worm, worm-wheel, and hand-wheel, e. 
The revolving cone and disc are of cast iron, fitted with 
straight steel knives firmly keyed upon a hammered iron 
shaft, and carefully balanced to prevent vibration. The 
knives of the revolving cone and disc are brought into 
contact with the stationary knives by means of the hand- 
wheel E, and the disc-knives can be independently ad- 
justed by means of the hand- wheel c, which actuates a 
screw on the conical casing by means of the worm and 

* Induttries, January 25th, 1889. 
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worm-wheel shown. The machine is driven by means of 
a pulley A, and the 
whole machine is 
mounted on a cast- 
iron base-plate. The 
pulp material enters 
the engine in the 
direction indicated 
by the arrow, B, at 
the small end of the 
cone, and is, by the 
rotary and centri- 
fugal action of the 
revolving cone, pro- 

* pelled to its large 

end, and during its 
passage is reduced 
. to a fine pulp by 
S the action of the 
w knives. It then 
"^ passes through the 
knives, f, of the 
stationary and ro- 
tating discs, by 
which the fibres are 
further crushed or 
split up, all knots 
or strings rubbed 
out, and the pulp 
effectually cleared 
previous to its exit 
through the passage 
D." We are inform- 
ed that the machine 
is capable of treat- 
ing from 9001bs. to 
l,2001bs.ofpulpper 

hour. The power required to drive it is estimated at from 
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40 i,h.p. to 50 i.li.p. when making 300 revolutions per 
minute. This, however, is dependent on the amount of 
friction caused between the surfaces of the fixed and 



revolving knives. The flow space occupied is 12ft. 6in. 
in length, and 4ft. in width. The perfecting machine, in 
its complete form, is shownin Fig. 63. 
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CHAPTER XVIII. 
RECOVERY OF SODA FROM SPENT LIQUORS. 

Eecovery of Soda. — ^Evaporating Apparatus. — Boeckner's EvfLporator. — 
Porion*8 Evaporator — American System of Soda Recovery. — 
Yaryan Evaporator. 

BecoTery of Soda. — ^Probably one of the most important 
improvements in modem paper-making, at least from an 
economical point of view, is the process of recovering one 
of the most costly, and at the same time most extensively 
used, materials employed in the manufacture — soda. While 
not a great many years since (and in some mills is still the 
case even now), it was customary to allow the spent soda 
liquors resulting from the boiling of various fibres to run 
into the nearest rivers, thus not only wasting a valuable 
product, but also polluting the streams into which they 
were allowed to flow, means are now adopted by which 
a considerable proportion of the soda is recovered and 
rendered available for further use. The means by 
which this is effected are various, but all have for their 
object the expulsion of the water and the destruction of 
the organic matters dissolved out of the fibrous substances 
in the process of boiling with caustic soda solutions. One 
of the main objects of the various methods of recovering 
the soda from spent liquors is to utilise, as far as prac- 
ticable, all the heat that is generated from the fuel used, 
whereby the process of evaporation may be effected in the 
most economical way possible. The principle upon which 
the most successful methods are based is that the flame 
and heat pass over and under a series of evaporating pans, 
and through side flues, by which time the heat has become 



EVAPORATING APPARATUS. 



20: 



thoroughly utilised and exhausted. When all the water 
has been expelled, the resulting dry mass is ignited and 
allowed to bum out, when the black ash that remains, 
which is carbonate of soda, is afterwards dissolved out, 
and the alkaline liquor causticised with lime in the usual 
manner. According to Dunbar, 8 cwt. of recovered ash 
and 4^ cwt. of good lime will produce 900 gallons of 
caustic ley at 11^ Tw. The liquor is then pumped into 
settling tanks, from which it is delivered to the boilers 
when required. 

Evaporating Apparatus. — An ordinary form of evapo- 
rator for the recovery of the soda is shown in Fig. 64. It 
consists of a chamber a, of the nature of a reverberatory 




Fig. 64. 

furnace, lined with fire-brick, the bottom of which is 
slightly hollowed. Above this is a tank b containing the 
liquor, which is run down into the chamber as required 
by means of a pipe c, provided with a tap. At one end of 
the chamber is a furnace d, the flame of which passes 
through the chamber and over the surface of the liquor 
lying upon the floor, heating the chamber, evaporating, 
and at last incinerating, its contents, and at the same time 
warming the liquor in the tank above, and evaporating 
some of its water. The products of the combustion in the 
furnace, and of evaporation, pass by the flue into a chim- 
ney, and escape thence into the air. There is a door e in 
the side of the furnace near the level of the floor of the 
chamber, and this is opened from time to time to enable 
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the workmen to stir and move about the contents of the 
chamber^ and finally, when the process is sufficiently 
advanced, to draw out the residue. The first efiect pro- 
duced is the reduction of the liquor to the consistence of 
tar. Later on, a white crust, which is the incinerated 
material, forms on the surface, and is drawn on one side 
by the workmen, so as to allow of fresh crust being formed. 
When all the charge has become solid it is drawn. The 
charge is usually withdrawn before the conversion into 
carbonate is completed ; it is then raked out into barrows 
and placed in a heap, generally in a shed or chamber, open 
on one side, btut sometimes in a closed brick-chamber or 
den, where the combustion continues for several weeks. 
The result is the fusion of the material into a grey rocky 
substance, which consists chiefly of carbonate and silicate 
of soda. 

Various modifications of the esparto evaporator and cal- 
ciner have, however, been introduced since the recovery of 
soda has become more general, and are in use at various 
works, all having for their main object the economising of 
fuel and the utilising of the waste heat of the fire, which 
in the old-fashioned calciner goes up the chimney and is 
lost. The leading principle of all of them is to use the 
waste heat in concentrating the liquor preparatory to its 
being run into the part where the calcination is to be 
effected. This is done by so extending and widening out 
the flue as to cause the heated air and flame, after they 
have performed their function in the calcination, to pass 
over or under their layers of liquor, lying upon shelves or 
floors in such a way that the liquor shall become more and 
more concentrated as it approaches the calciner by suc- 
cessive steps or gradations.* — Dr, Ballard. 

&oeckner'8 Evaporator. — This apparatus, an illustration 
of which is shown in Fig. 65, is thus described by Dr. 
Ballard, medical officer of the Local Government Board, 
who was specially appointed by the board to investigate 
the effluviimi nuisances which arise in connection with 

* ** Seventh Annual Eepott of Local Government Board,** 1877-8. 
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certain manufacturing industries. " In this apparatus 
there is above the calcining floor a series of shelves or 
shallow pans, alternating in such a manner that the liquor 
flowing from the tank above into the uppermost of them, 
flows, after a partial evaporation, over the edge of the 
shell into the shelf or shallow pan next below, and in this 
way from shelf to shelf, still becoming more and more 
concentrated until it reaches the final floor, over which the 
flame from the actual fire plays, and where the first part 




of the calcination ia effected. The heated air, in passing 
to the chimney, passes over each of these shelves in suc- 
cession, heating them and concentrating the liquor upon 
them. There is between the lower shelves an arrange- 
ment for causing the liquor to pass from the upper to the 
lower by means of a pipe, instead of its running over the 
edge. At the top of all is a covered tank, where the tem- 
perature of the liquor is raised before it is run into the 
evaporator. In order to promote the heating of the liquor 
in this tank, the lower part of the tank is made to com- 
municate by side pipes with tubes passing across the 
evaporator near the fire, as, for instance, at the bridge aud 
at the further end of the calcining floor. In this way a 
circulation of liquor is set up which serves to heat the 
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liquor in the tank more efEectually. A pipe from the top 
of the tank leads to the chimey-shaft, conducting any 
vapours into it. As the incinerated crust forms it is raked 
on one side, and when sufficient of it has accumulated it 
is drawn to an opening (provided with a damper) at the 
side or end of the floor, and discharged down this open- 
ing into a brick chamber below, which is inclosed by iron- 
doors, and from which' a flue conducts the vapours that 
arise during the final fusion through the fire in such a way 
as to consume them." By recent improvements Mr. 
Roeckner has constructed an apparatus for condensing and 
rendering inoffensive the vapours eliminated from the 
liquor during its evaporation on the successive shelves of 
his evaporator. 

Forion's Evaporator. — This evaporator and incinerating 
furnace much resembles in principle an ordinary rever- 
beratory furnace, except that it is provided witn paddle 
agitators, which project the liquid upwards, causing it to 
descend in a spray, thus increasing the surface of the 
liquid coming in contact with the hot air and current of 
smoke traversing the furnace. By this method the expense 
of fuel is greatly reduced. The residue is in a state of 
ignition when it is withdrawn from the furnace, and is 
piled in heaps so that it may bum slowly. When the 
combustion is complete, the resulting calcined mass is 
treated with water, and the carbonate of soda formed is 
afterwards causticised in the usual way. About two-thirds 
of the soda is thus recovered. 

The Taryan Evaporator. — Mr. Homer T. Taryan, of 
Toledo, Ohio, U.S.A., has introduced some important 
improvements in evaporating apparatus, which have been 
fully recognised in America, and appear to have been 
attended with success. The principle involved is that of 
multiple effects, in which the evaporation takes place 
while the liquid is flowing through heated coils of pipe or 
conduits, and in which the vapour is separated from the 
liquid in a chamber, at the discharge end of the coils, and 
is conducted to the heating cylinders urrounding the 
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evaporating coils of the next effect, from the first to the 
last effect. The objects of the invention are : (1) to provide 
iextended vaporising coils or conduits and increased heat- 
ing surface for each liquid feed supply in the heating 
cylinders, and provide improved means for feeding the 
liquid, whereby each set or coil of vaporising tubes will 
receive a positive and uniform supply of liquid without 
danger of the feed ducts being clogged by extraneous 
matter ; (2) to positively control the amount of liquid fed 
by the pump to the evaporating coils, and make it more 
uniform than heretofore, regardless of the speed of the 
pump; (3) to provide improved separating chambers at 
the discharge ends of the vaporising coils so as to better 
free liquid and solid particles from the vapours ; (4) to 
provide for the successful treatment of the most frothy 
liquids by causing the vapours carrying solid and liquid 
particles to pass through catch-all chambers, where they 
are arrested and precipitated and then returned to the 
evaporating coils ; (5) to secure a more positive flow and 
circulation of liquid from the evaporating cylinder of one 
effect to another, under the influence of a better vacuum 
than heretofore in multiple-effect vacuum evaporating 
apparatus ; (6) to provide for transferring a better con- 
centrated liquid into the separating chamber containing 
cooler concentrated liquid in direct connection with the 
condenser and vacuum pump, so as to equalise the tem- 
perature of the two liquids, and then draw off both by one 
tail pump. 

The present invention comprises a series of important 
improvements on an apparatus described by Mr. Yaryan 
in a former English patent, No. 14,162 (1886), and covers 
a number of important modifications in construction, 
whereby improved results are secured. It is only neces- 
sary, therefore, to give the details of the new patent, No. 
213 (1888), since it embodies the latest improvements 
which practical working of the apparatus has suggested. 
In reference to the accompanying illustrations the follow- 
ing details are given: Fig. 66 represents a side elevation of 

p 
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the apparatus ; Fig. 67, the front elevation ; Fig, 68, a lop 



plan view ; Fig, 69, a vertical section of a cylinder showing 



the evaporating coila and separating qhamber ; Fig. 70 is a 
horizontal section ; and Fig. 71, a vertical section of the 
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separating ctiamber eliown in Fig. 69, both on reduced 



Fig. 73. rig. 74. 

scale ; Fig. 72 is a broken section of the cylinders for 
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showing the connections of the liquid pipe from the first 
to the third effect evaporator ; Fig. 73 is a rear end view of 
a cylinder with manifold, the feed pump and a sectional 
view of the feed box and supply devices ; Fig. 74 represents 
a sectional view, ou enlarged scale, of the manifold and 
a feed duct ; Fig. 75 is an inside view of a return bend- 
head ; Fig. 76 an inside view of a section of the head ; 
Pig. 77, a vertical cross section thereof on enlarged scale, 
and showing the partitions forming cells for connecting 
the ends of the evaporating tubes ; Fig. 78 ia a vertical 



Fig. 76. 




Fig. 76. 



longitudinal section of a cateh-all chamber; Fig. 79, a 
cross section thereof ; Fig, 80 is a vertical longitudinal 
Eection of new form of separating chamber ; and Fig. 81 
represents a side view and Fig, 82 an end view of the 
cylinders for showing the pipe connection between the 
separating chambers of the third and fourth effect 
evaporators. 

The evaporating cylinders are mounted upon a frame- 
wort T, supported upon columns xx, or other suitable 
supports. The apparatus is shown arranged as quadruple 
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effect, with four coimected cylinders, but multiple effect 
apparatus may be conatrucf«a with an increased number 
of cvlinders up to ten or twelve. The heating cylinders 
b' b* b' b*, containing the evaporating tubes or coils, are 
preferably arranged m the same horizontal plane, and are 
provided at the discharge ends of the evaporating coils 




Kg. 79. 



Fig. 80. 



with separating chambers, a'a^a'a*, of enlarged diame- 
ter, and at the supply ends of the coils with the coils with 
return bend ends, c^ c* c" c*. From each separating cham- 
ber, a', a^ valve pipe d' D* D* leads into tbe shell of the 
next heating cylinder, as b', b', b^ and vapour pipe d* 
leads from the last separator a* to the condenser e, and 
the vacuum pump h'. A cylindrical catch-all chamber 
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e', e', e', e*, is connected in each vapour pipe between each 
separator and each succeaaive heating cylinder, as shown 
in Figs. 66, 67, and 68, and in detail in Fig. 75. Gauge 
glass and liquid receiving chambers, o^, o*, g', g*, connect 
with the bottom of each separating chamber for receiving 
the liquid as it is separated from the vapour, and a gauge 




Fig. 81. 



Fig. 82. 



glass g is applied to each of such chambers. Liquid dis- 
ciiarge and transfer pipes t, &■, having valves h, A', as best 
shown HI Figs. 66, 68, and 72, lead respectively from cham- 
bers g', o*, of the first and second effect to the manifold 
feed pipes leading into the cylinders b', b*, of the third 
and fourth effect for the purpose hereafter described. The- 
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main steam supply pipe f, having a safety valve / and stop 
valve /^, Figs. 66, 67, and 68, connects with the heating 
cylinder b^ of the first efEect. The evaporating tubes 1, 
2, 3, 4, 5, are expanded or otherwise secured in the tube 
sheets d and /' at opposite ends of the cylinders, and are 
properly connected at the ends in sets of five to form 
coils. The outer rear return-bend head c^c^, etc., are 
provided on their insides with numerous short intersecting 
partition plates c, forming single and double cells, pro- 
perly arranged for connecting the evaporating tubes in 
sets of five, as shown in Figs. 75, 76, 77. 

The heads are pierced with holes <f iot connecting the 
liquid supply pipes m of the manifolds l. The inner 
return-bend nead t in the separating chambers are formed 
like heads c^ c^, etc., with intersecting partition plates x, 
and are provided with discharge openings f for every fifth 
tube, as shown in Fig. 69. Tube sheet d is made of con- 
siderably larger diameter, than cylinders b^ b^ etc., and 
acts as a vibrating diaphragm, to accommodate the expan- 
sion and contraction of the tubes. The separating cham- 
bers may be constructed with dash plates h 6, two or more 
in number, having openings g ^ alternately upon opposite 
sides for the passage of vapour, and opening a' at the 
bottom for the passage of liquid, as shown in Fig. 80. 
Here a tube sheet % is provided near the openings of the 
evaporating tubes, and in such sheet are set numerous 
small horizontal tubes n, which discharge against a 
vertical arresting plate V set near their open ends. Water 
and solid matter are impelled against the plate and 
thereby arrested and caused to flow down to the bottom of 
the chamber. The liquid feed apparatus consists of a 
supply tank k, stand-pipe j, feed box k^, double 
pump I, manifold l, and connecting pipes and valves. 
The liquid to be evaporated flows from tank k, through 
pipe ^, to stand-pipe J and box k\ the flow being constant 
and imiform, and of the desired quantity, by means of a 
valve k having a lever handle r' which is connected by a 
cord or chain passing over a pulley j with float q in stand- 
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pipe J. The valve opening in pipe Iz beinff properly 
adjusted by means of the floaty etc., the liquid is admitted 
to the stand-pipe j while the column of liquid is automa- 
tically maintained at any desired height and pi!essure 
regardless of the quantity in the supply tank, by means of 
the float g, which, as it rises, tends to close valve A;', and 
as it falls, to open the valve. From the bottom of the 
stand-pipe j, nozzle y discharges a constant and uniform 
stream of liquid into feed box k^ The suction pipe i" of 
pump I extends into box k^, where it terminates in a 
turned-down nozzle provided with valve i having a lever 
handle and float s. As a given amount of liquid is con- 
stantly running into the box, should the pump run too 
fast the float lowers, partially closing the valve and 
lessening the amount of liquid drawn at each stroke of 
the pump, and preventing air from being drawn in, since 
the end of the suction pipe is always sealed by the liquid. 
The liquid is forced by pump i into the manifolds l, from 
which it flows through the contracted ducts / into the 
enlarged feed pipes w, as shown in Figs. 73 and 74. Ducts 
/ are of about one-half inch diameter, and the upper and 
lower sections thereof are connected by a imion coupling, 
one portion of which /' has a reducer with opening one- 
quarter inch diameter, more or less, according to the 
amount of liquid it is desired to feed. 

The catch-all chambers e^ e^, etc.. Figs. 66, 78, and 79, 
are provided each at its inlet end ^, with tube sheet 
extending across its diameter a short distance in front of 
the opening of vapour pipe d^, and in such sheet are fixed 
numerous longitudinal tubes p extending to near the 
opposite head e y so that vapours carrying watery or solid 
particles are impelled against the head and arrested. 
Liquid and solid matter, arrested in the catch-all chambers, 
flow through pipes v t?' r" down into the fluid transfer pip© 
t i (Figs. 67, 68, and 72), and thence into the evaporating 
coils and through pipe t/" directly to the tail pump w. 
Fig. 67. By use of the catch-all chambers the most frothy 
liquids can be readily and economically managed. A 
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liquid transfer pipe «, having a valve K\ leads directly 
from receiving chamber g^ of the third eflEect to the 
separating chamber a^ of the fourth effect, the latent heat 
being carried ofE in the vapours drawn by the vacuum 
pump H^ into the chamber h, and the finished liquid of 
both effects is drawn off through pipe w by one and the 
same tail pipe pump w. The water of condensation accu- 
mulating in the heating cylinders b^ b^ etc., is transferred 
from one to the other through connecting pipes uu u" 
liaving valves y, shown in Figs. 66, 67, and 68 ; and finaUy 
from cylinder b* through pipe t*'" directly into condenser 
H. The specification of the patent, which those interested 
will do well to consult, next describes the operation of the 
apparatus. 

American System of Soda SecoTery. — Mr. Congdon 
gives an exhaustive description* of the method of recover- 
ing soda in the United States, from whose interesting 
paper we extract the following \ — ^The spent liquors are 
delivered to the Taryan evaporator from the pans at a 
density of 6° to V B. at 130° F. Here they are 
concentrated to 34° to 42° at 140° F. At this density 
they are fed into furnaces of a reverberatory type, where 
they are burnt to a cherry-red heat, and the ash then 
raked out. This ash, which averages 60 per cent, of soda, 
is weighed in iron barrows on suitable scales, and wheeled 
into the leaching-room for lixiviation. The system of 
leaching, as it is termed in the States, is conducted as fol- 
lows : — Iron tanks are used, with suitable piping, that 
allows pumping from one tank to another, and also to 
pimip from any one of them up to the causticising tanks 
in the alkali-room. There is also a water-line by which 
water may be pumped into any of the tanks, and there is 
a spout used in washing away the black ash sludge. The 
leaching- tanks have false bottoms of 2in. by 2in. stuff, 
placed crosswise, over which is a layer of gravel, on which 
lies a layer of straw, by which the liquor is filtered. The 

* School of Mines Quarterly Journal of Applied Sciencey January, 1889, 
New York. 
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gravel is removed every few days, and the straw with 
every charge. When one of the tanks is filled with black 
ash, it is "wet down" with the stored liquor (the strongest 
of the stored weak liquors), and also with the strongest 
weak liquors from the tanks, and with weak liquors 
obtained from these tanks by pumping water upon them 
and keeping them full. This is all pumped up to the 
causticising-tank until the strength is reduced to 2^ or 
1 J° B. The remaining liquor is then drained into a tank 
known as the "clear-liquor" taifk, owing to there being 
no black ash in it. The liquor from the next weakest pan 
is then pumped upon the pan containing the black ash, 
and the next weakest liquor pumped upon this. The 
weaker pans are then in succession pumped upon the 
stronger, and the water pumped upon these, and thus a 
very perfect washing is obtained. The sludge left behind 
is nothing but charcoal, with a slight trace of carbonate 
of soda. Mr. Congdon illustrates the above system thus. 
The tanks stand as follows : — 

No. 1. Clear liquor, 1° to 2° B. (strongest). 

No. 2. Black ash sludge (weaker than No. 3). 

No. 3. Black ash, after sending up to causticising-tank 
(strongest sludge). 

No. 4. Fresh black ash. 

No. 5. Weaker than No. 2 (sludge only). 

No. 6. Weaker than No. 6 (sludge an4 weakest liquor). 

The method of procedure is as follows : — 

Liquor from No. 3 drained into No. 1 (now full). 

No. 6 pumped on to No. 2 (No. 6 sludge thrown away). 

Liquor from No. 2 drained upon No. 3. 

Water put on No. 5. 

No. 6 pmnped upon No. 2 (No.. 5 sludge thrown away). 

The black ash is treated thus : — 

No. 4, full of black ash, is wet down with Nos. 1, 2, 
and 3, and pumped up to the causticising-tank. 

. Water is pimiped out to Nos. 2 and 3, and then drained 
upon No. 4, the liquor still being pumped up from No. 4 
while the water is being pumped upon Nos.' 2 and 3, 
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which are kept full. This is continued until the liquor 
tests onljr 2° to 1° B. 

No. 4 isnow drained upon No. 1. 

No. 3 pumped upon No. 4, and this drained into No. 1 
(now full). 

No. 3 pumped upon No. 5. 

Water pumped upon No. 2 fNo. 2 the next to be thrown 
away). 

No. 5 is by this time full of fresh black ash, and the 
same process is carried (Jut with No. 4. 



CHAPTER XIX. 

DETERMINING THE REAL VALUE OR PERCENT- 
AGE OF COMMERCIAL SODAS, CHLORIDE 
OF LIME, ETC. 

Examination of Commercial Sodas. — ^Hoby's Alkalimeter. — Preparation of 
the Test Acid. — Sampling Alkalies. — The Assay. — ^Estimation of 
Chlorine in Bleaching Powder. — Fresenius* Method. — Gay-Lussac's 
Method.— The Test Liquor. — Testing the Sample. — Estunation of 
Alumina in Alum Cake, etc. 

In a manufacture such as paper-making, whicli involves 
the consimiption of enormous quantities of materials of 
variable quality, as soda ash, caustic soda, and bleaching 
powder, for example, it will be readily seen that some 
means should be at the command of the consumer who 
does not avail himself of the services of a practical chemist 
at his works, by which he can ascertain the actual value of 
the various substances he uses. An art which, up to a 
certain point in its progress, is mainly a chemical opera- 
tion, it would undoubtedly be more safely and economically 
conducted when supervised by persons well acquainted 
with chemical principles and reactions, and less dependent 
upon individual judgment, than is, perhaps, too frequently 
the case. Under such supervision more perfect uniformity 
of results — a consideration of the greatest importance in 
a manufacture of this kind — would be ensured. 

Examinatioxi of Comxnercial Sodas. — The methods of 
determining the percentage of real alkali in the commer- 
cial products which have received the name of Alkal- 
imetry are fortunately of a simple character, and such as 
a person of ordinary intelligence and skill can readily 
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manipulate and render thorougUy reliable by exerting the 
necessary care. He must, however, be provided with a 
few indispensable appliances, which will be described, and 
with these he should make several trials upon various 
samples until he finds that his results are uniform and his 
manipulation easy and reliable. He will require a chemical 
balance,* capable of weighing to the tenth of a grain ; a 
few glass " beakers " (Fig. 83) of various sizes, capable of 
holding from four to eight or ten ounces of fluid ; several 
glass stirrers; a bottle of litmus solution, made by dissolving 






5iW 







40 



= » 



70 



t 




Fig. 83. 



Fig. 84. 



Fiij. 86. 



litmus in hot water ; books of litmus and turmeric papers ; 
and several glass flasks (Fig. 84) of various sizes, capable 
of holding from four to eight ounces. Besides these 
accessories, certain measuring instruments, termed alkali- 
meters or burettes, are employed, of which* either of the 
two following may be employed. These instruments are 
of glass, and hold up to or zero exactly 1,000 grains. 
The scale is graduated in a hundred divisions, which are 
again subdivided into tenths. Bink's burette is shown in 
Fig. 86, and Mohr's burette in Fig. 86. The latter, being 
provided with a stand, enables the operator to add the test 

* These balances may be obtained from Mr. Oertling, Coppice Row 
London, or of any philosophical intsrument maker. ' 
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liquor — witli -wtich the burette is char^ — drop by drop, 
■when the alkaline solution to be tested is near flie point of 
saturation, without engaging the hands. 

Uohr's AUaJimeter.^This useful instrument (Fig. 86) 
and the method of using it is thus described by Monr: — 
" I have succeeded in substituting for expensive glass 
stop-cocks an arrangement 
which may be constructed 
by any person with ease, 
which remains absolutely 
air and . water-tight for an 
indefinite period, which, 
may be opened and regu- 
lated at wUl by the pressure 
of the fingersi and which / 
costs almost nothing. It ^ 
consists of a small piece 
of vulcanized indiarubber 
tube, which is closed by a 
clamp of brass wire (Fig. 
87). The ends of this 
clamp, which I call a pres- 
sure-cock, are bent laterally 
at right angles in opposite | 
directions and furnished 
with knobs, so that when 
both ends are pressed the 
clamp is opened, and a 
single drop or a continuous 'S- ■ . 

current of liquid may be allowed to escape at pleasure. 
The measuring-tube is a straight glass cylinder, as tmi- 
form as possible, graduated to 0'2 or O'l cubic centi- 
metres, and somewhat contracted at its lower end, so as 
to fit into the indiarubber tube. A small piece of glass 
tube inserted below the pressure-cock forms the epout. 
The pressure-cock has the advantage of not leaking, for 
it closes itself when the pressure of the fingers is re- 
moved. The measure, furnished with the pressure-cock, 
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is fastened upon an appropriate stand, which can be 
placed at any required neignt. When used, it is filled 
above the zero point with test liquor, the cock opened 
for an instant, so as to let the air escape from the 
■ spout, and the level of the solution is then adjusted. 
This is done by bringing the eye level with the zero point, 
and applying a gentle pressure to the cock until the liquid 
has sunk so low that the inferior curve of the liquid 
touches the graduation like the circle of a tangent ; the 
cock is then closed, and at the same moment the liquid 
remains at zero, and continues to do so for weeks if evapo- 
ration is prevented. The test-measure being normally 
filled, the experiment may be commenced; this is done 
sitting, while the filling of the measure is done standing. 

" The weighed sample of alkali is first placed in a 
beaker-glass, and the test-liquor is allowed to flow into it 
by gently pressing the cock. Both hands are set at liberty, 
for when the presaure-cock is released it closes of itself. 
The volumetric * operation may be interrupted at pleasure, 
in order to heat the liquid, shake it, or do whatever else 
may be required. The quantity of Kquid used may be 
read off at any moment, and in repeating an experiment, 
the limit of the quantity used before may be approached 
so near that the further addition of liquid may be made 
drop by drop." The test-acid to be used tolumetrically — 
that is, with the alkalimeter, has a specific gravity of 
1'033 at 60° F., and 1,000 grains by measure contain 
exactly 40 grains of real or anhydrous (that is, without 
water) sulphuric acid. 

The chemical principles involved in the process of alkali- 
testing may be thus briefly stated: — According to the 
laws of chemical combination defined by the atomic t' 
of Dalton, all suhatances combine in definite proporti( 
" equivalents " ; thus, 1 part by weight of hydrogen 
bines with 8 parts by weight of oxygen to form i 
■ Tbere are two principat msthods of analysing or asBayine: alb 
means of the tcBl-ac:iii, namely, volumetric, or by Tolume, enagras. 
or by weip;hi, in which a specific gravity botUe, capable ol holding i 
1,000 giaini of diitiUed 4ater, ia us^d. 
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The equivalent number of hydrogen, therefore, is 1, and 
of oxygen 8, and that of water 9. Again^ 3 equivalents 
of oxygen combine with 1 equivalent of sulphur (16) to 
form sulphuric acid ; thus, sulphur* 16, oxygen 24, equals 
anhydrous sulphuric acid 40 ; therefore 40 is the equivalent 
or combining number of this acid, and it cannot be made 
to unite with alkalies or other bases in any other propor- 
tion. For example, 40 grains by weight of pure sul- 
phuric acid will neutralise exactly 63 grains of dried car- 
bonate of soda, 31 grains of pure anhydrous soda, or 40 
grains of ht/drate'of soda (caustic soda). This being so, it 
is only necessary to have exactly 40 grains of real sul- 
phuric acid in 1,000 grains of water to form a test-acid, 
which, when employed to neutralise an alkaline solu- 
tion, will show, by the proportion of dilute acid used to 
saturate the alkaU, the absolute percentage present in the 
sample. 

Preparation of the Test-Acid or Standard Solution. 

— ^As there is some trouble involved in the preparation of 
the test-liquor, it is advisable to prepare a sufficient quan- 
tity at a time to last for many operations. It may be 
readily made by mixing 1 part of concentrated sulphuric 
acid with 11 or 12 parts of distilled water y the mixture being 
made in what is termed a " Winchester " bottle, which 
holds rather more than half a gallon, and is provided with 
a glass stopper. The acid solution must be adjusted or 
brought to the proper strength after it has cooled down 
to 60° F. ; and it should be faintly tinged with litmus, 
which will give it a pinkish hue. The acid, to be of the 
proper strength, should exactly neutralise 53 grains of 
pure carbonate of soda, previously KJalcined at a red heat, 
or 31 grains of pure aiihydrous soda. To prepare the 
anhydrous carbonate of soda, a few crystals of carbonate 
of soda are placed in a Berlin porcelain crucible, and this 
must be heated over a spirit-lamp or Bunsen burner. 
When all the water of crystallisation has become expelled, 
the calcination is continued until the mass is at a bright 
red heat, when the vessel may be allowed to cool. 53 

Q 
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grains of the calcined carbonate are now to be carefully 
weighed, and next dissolved in a fflass beaker, in about 
2 ounces of distilled water. The alkalimeter is now to be 
charged with the test-acid to the level of zero, and (if 
Mohr's burette be used) the beaker containing the alkaline 
solution is to be placed upon the stand immediately beneath 
the exit- tube. Now press the knobs of the pressure -cock, 
and allow a portion oi the liquor to flow into the beaker. 
When the effervescence which immediately sets up sub- 
sides, make further additions of the test-liquor from time 
to time, until the effervescence becomes sluggish, at which 
period the acid must be added with greater caution. When 
the solution approaches saturation it acquires a purplish 
tint (due to the litmus with which the acid is tinged), 
which it retains until the point of saturation is reached, 
when it suddenly changes to a pink colour. After each 
addition of the acid the solution should be stirred with a 
thin and clean glass rod ; and before the final change from 
purple to pink, the end of the glass rod should be applied 
to a strip of blue litmus paper, when, if the moistened 
spot touched assumes a red colour, the saturation is com- 
plete ; if, on the contrary, the paper is unchanged, or has 
a violet or reddish hue, add the test-liquor, one or two 
drops at a time, with contiuued stirring, until a drop of 
the solution applied with a glass rod reddens litmus paper, 
when the saturation is finished. If any test-liquor remain 
in the burette, this indicates that there is excess of acid in 
the test-liquor ; consequently more distilled water miist be 
added to the bulk, the burette emptied and refilled with 
the reduced liquor, and another 53 grains of anhydrous 
carbonate of soda treated as before, until 1,000 grains of 
the acid liquor exactly neutralise the solution. Should the 
whole contents of the burette in the first trial be used 
before saturation is complete, a little more sulphuric acid 
must be put into the Winchester or test-acid bottle, and 
a 53-grain solution of carbonate of soda treated as before. 
A very little practice will enable the operator to adjust 
his test-liquor with perfect accuracy ; and, to prevent 
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mistakes, the bottle* should be labelled " Test-acid," and 
always be kept closed by its stopper. 

Sampling Alkalies. — Soda-ash of commerce is usually ' 

packed in wooden casks, and in order to obtain a fair 
average sample from a large number of these casks, which 
may represent one consignment, it is important to take 
small samples, as near the centre of each cask as possible, 
from as many of the casks as time wiU permit Each \ 

sample, as drawn from the cask, should be at once placed i 

in a rather wide-mouthed bottle furnished with a well- I 

fitting cork. Each sample should be numbered and marked ' 

with the brand which distinguishes the cask from which 
it was taken. The duty of sampling should be placed in , 
the hands of a person of known integrity and intelligence. 

When about to test a sample of soda-ash, the contents ' 

of the bottle should first be emptied upon a sheet of dry 
paper, and the larger lumps then crushed to reduce the 
whole to a coarse powder, and this must be done as quickly ' 

as possible to prevent absorption of moisture from the ♦ 

atmosphere. 100 grains of the alkali must now be accu- 
rately weighed and put into a glass flask (Fig. 84), and 
the remainder of the alkali returned to the bottle and the 
vessel securely corked. About half an ounce of distilled 
water is then to be put into the flask and gentle heat 
applied, with an occasional shakings until the alkali is all 
dissolved. The flask is then to be set aside for a. few 
minutes, until any insoluble matter present has subsided, ' 

when the clear liquor is to be carefully poured into a 
beaker glass ; the sediment must be washed several times i 

with small quantities of distilled water, and the washings • ■ 

added to the solution in the beaker. This washing is of 
great importance and must be performed several times, or 
imtil the last washing liquor produces no effect upon yellow 
turmeric paper, which even slight traces of alkali will turn 
a brown colour. So long as this brown tint is given to the 
turmeric paper the presence of alkali is assured, and the 
washing must be continued. It is important, after each 
washing, to pour ofE the last drop of the liquor above the 
sediment, by which the operation is more effectual, and is 
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effected with less water than when this precaution is not 
observed. In order to ensure perfect accuracy in the result, 
every particle of the washings must be added to the con- 
tents of the beaker-glass in which the assay is to be made. 
The Assay. — The alkalimeter is first to be filled with 
the test-acid exactly to the line or zero of the scale as 
described, and the beaker containing the solution to be 
tested then placed immediately beneath the dropping tube 
of the instrument ; a thin glass rod shoidd be placed in the 
beaker as a stirrer. The acid liquor is then allowed to 
flow gradually into the alkaline solution {which should be 
repeatedly stirred with the glass rod), by pressing the 
knobs of the pressure-cock, imtil the solution assumes a 
purple tint, which it will retain until the exact point of 
saturation has been arrived at, when, as before stated, it 
will suddenly change to a pink colour. Before the latter 
stage is reached the beaker should be placed over a spirit 
lamp or Bunsen burner, and the liquid heated to expel 
the carbonic acid which is evolved, and partly absorbed 
by the solution during the process of saturation. When 
the neutralisation is complete, the alkalimeter is allowed 
to repose for a few moments, so that the acid liquor may 
drain from the interior of the glass tube into the bulk of 
the fluid, and the quantity of test-acid used is then deter- 
mined by reading off the number of divisions of the alka- 
limeter that have been exhausted, every one of which 
represents yo^th part, or 1 per cent, of alkaliy whenever 
the equivalent weight is taken for assay. Every iV^^ P^^^ 
of an alkalimeter division represents tV^^ ^^ ^ P®^ cent., 
and the result is thus obtained without the necessity of 
any calculation. The following table shows the equivalent 
or combining proportions of soda with 40 grains of real 
(that is, anhydrous) sulphuric acid : — 

.« • *-i^i. • ^^'A o 31 firains soda (anhydrous). 

40 grains of sulphuric acid .• \ S 40 |rain8 hydrate of soda (pure 

1,000 grains of dilute sulphuric 1 g ^^^^ ^. ^^ 

acid (sp. gr. 1-033) *. . • f ? ijQ orains carhonatA of aoda ^an- 

1,000 grainsofdilutesulphuric acid > I h^^s) 

(water-grain measure) sp. gr. \ f 143^ grains crystaUized carbonate 

^'"^^ y 5 of soda. 
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Mr. Amot recommends the following method for alkali 
testing : " The sample, which should be a fair average of 
the drum or cask from which it is drawn, should, in the 
case of caustic soda, be quickly crushed into small frag- 
ments, and returned to the stoppered bottle in which it 
was collected for testing. It need not be finely ground, 
and, indeed, should not be, as it very readily attracts 
moisture from the air. The contents of the drum are 
usually pretty uniform, and the crushing recommended 
will give the operator a sample quite fit to work upon. 
Samples of soda-ash and soda crystals will, of course, be 
fairly representative of the casks from which they are 
drawn. One hundred grains of the prepared sample must 
be weighed out upon a watch-glass or slip of glazed 
paper, and transferred to a porcelain basin, with at least 
half a pint of boiling water. The watch-glass is preferable 
for caustic soda, and the weighing in the case of that 
agent must be done expeditiously. While the sample is 
dissolving the burette will be charged with the standard 
acid. To the soda solution a few drops of solution of 
litmus, sufficient to colour it distinctly, will be added. The 
acid will then be run into the blue soda liquor; at 
first, within reasonable limits, this may done rapidly, but 
towards the close of the operation the acid must be added 
cautiously, and the solution kept well stirred. In the case 
of caustic, when the blue has distinctly changed to red, 
the operation may be considered completed, and the 
measures may be read off the burette ; and this is, without 
calculation, the result required. When the soda in the 
sample is a carbonate, the blue colour of the litmus will be 
changed to pink before all the soda is neutralised, owing 
to a portion of the liberated carbonic acid remaining in 
the solution ; this must be eliminated by placing the basin 
over a Bunsen burner and boiling the solution. The blue 
colour will thus be restored, and more acid must be added, 
repeating the boiling from time to time, until the red 
colour becomes permanent. It is sometimes necessary to 
filter the soda solution before testing ; this applies specially 
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to recovered soda, and, although in a less degree, to soda- 
ash." When the soda solution is filtered, it will be neces- 
sary to thoroughly wash out the liquor absorbed by the 
filtering paper, the washings being added to the bulk of 
the liquor as before. The best plan is to allow the soda 
solution to stand for some time until all the sediment has 
deposited, and then to pour off as much of the liquor 
as possible, and then to wash the sediment into a very 
small filter, in which it will receive further washing, 
until no trace of alkali can be detected in the last wash 
water. 

Estimation of Chlorine in Bleaching Powder. — It is 
desirable that the manager or foreman of a paper-mill should 
have at his command some ready means by which he may test 
the percentage of chlorine in samples of bleaching powder, 
or chloride of lime, delivered at the mill, not alone to enable 
him to determine the proportions to be used in making up his 
bleaching liquors, but also to ensure his employers against 
.possible loss in case of inferior qualities being delivered at 
the mill. Bleaching powders being purchased according 
to percentage, it is absolutely necessary that the purchaser 
should have this determined to his own satisfaction before 
either using or paying for the material. Good chloride of 
lime should contain 35 per cent, of available chlorine, but 
the powder should not be accepted which contains less 
than 32 per cent. There are several methods of esti- 
mating the percentage of chlorine in bleaching powder, 
which is composed of hypochlorite of lime, chloride of 
calcium, and hydrate of lune, thp latter substances being of 
no service in the bleaching process. 

According to Fresenius, in freshly prepared and per- 
^ f ectly normal chloride of lune, the quantities of hypochlo- 
rite of lime and chloride of calcium present stand to each 
other in the proportion of theil* equivalents. When such 
chloride of lime is brought into contact with dilute sul- 
phuric acid, the whole of the chlorine it contains is liber- 
ated in the elementary form. On keeping chloride of 
lime, however, the proportion between hypochlorite of 
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Hme and chloride of calcium gradually changes : the for- 
mer decreases, the latter increases. Hence from this cause 
alone, to say nothing of original difference, the commercial 
article is not of uniform quality, and on treatment with 
acid gives sometimes more, and sometimes less, chlorine. 
As the value of bleaching powder depends entirely upon 
the amount of chlorine lt>ee on trWent with acids, 
chemists have devised very simple methods of determining 
the available amount of chlorine in any given sample, 
these methods having received the name of chlorimetry, . 
The method of Fresenius is generally considered both 
practicable and reliable. 

Fresenius' Method of preparing the solution of bleach- 
ing powder to be tested is as follows : — Carefully weigh 
out 10 grains of the sample, and finely triturate it in a 

. mortar with a little cold water, gradually adding more 
water ; next allow the liquor to settle, then pour the liquid 
into a litre flask, and triturate the residue again with a 
little water, and rinse the contents of the mortar carefully 
into the flask, which should then be filled with water up 

. to the graduated mark. Now shake the milky fluid and 
proceed to examine it while in the turbid state ; and each 
time, before measuring off a fresh portion, the vessel must 
be again shaken to prevent the material from deposit- 
ing. The results obtained with the solution in its tur- 
bid condition are considered more accurate and reliable 

. than when the clear liquid alone is treated, even though 
the depgsit be frequently washed. This may be proved, 
Fresenius says, by making two separate experiments, one 
with the decanted clear liquor, and another with the resi- 
duary turbid mixture. In an experiment made in his own 
laboratory the decanted clear fluid gives 22*6 of chlorine, 
the residuary mixture 25*0, and the uniformly mixed tur- 
bid solution 24*5. One cubic centimetre of the solution 
of chloride of lime so prepared corresponds to 0*01 gramme 
of chloride of lime. 

Oay-lLnssao's Method. — This method, which is known 
as the arsenious acid process, has been much adopted for 
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the determination of chlorine in bleaching powders, and is 
conducted as follows : — 

The Test-liquor. — This is prepared by dissolving^ 100 

f rains of pure arsenious acid in about 4 ounces of pure 
ydrochloric acid, and the solution is to be diluted with 
water until, on being poured into a graduated 10,000 
grains measure-glass, it occupies the yolimie of 700 grains 
measure marked on the scale. Each 1,000 grains measure 
of this Uquid now contains 14-29 grains of arsenious acid, 
corresponding to 10 grains of chlorine, or -^ grain of 
chlorine for every division or degree of the scale of the 
chlorimeter, for which purpose a Mohr's burette of the 
above capacity niay be used, or a graduated tube of the 
form shown in Fig. 85 may be employed. 

Testing the Sample. — 100 grains of the chloride of lime 
to be tested are next dissolved in wat^r, and poured into a 
tube graduated up to 2,000 grains measure. The whole 
must be well shaken in order to obtain a uniformly turbid 
solution, and half of it (1,000 grains measure) transferred 
to a graduated chlorimeter, which is, therefore, thus filled 
up to 0°, or the zero of the scale, and contains exactly 50 
grains of the chloride of lime under examination, whilst 
each degree or division of the scale contains only ^ grain. 
1,000 grains measure of the arsenious acid test-liqiior are 
now poured into a glass beaker, and a few drops of a solu- 
tion of sulphate of indigo added, in order to impart a faint, 
but distinct, blue colour to it; the glass is then to be 
shaken so as to give a circular movement to the liquid, and 
whilst it is whirling round the chloride of lime solution 
from the chlorimeter is gradually and cautiously added 
until the blue tinge given to the arsenious acid test-liquor 
is destroyed, care being taken to stir the mixture well with 
a glass rod during the whole process, and to stop as soon 
as the decoloration is complete. We will assume that 
in order to destroy the blue colour of 1,000 grains measure 
of the arsenious acid test-liquor 90 divisions or degrees of 
the chloride of lime solution have been employed. These 
90 divisions, therefore, contained the 10 grains of chlorine 
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required to destroy the colour of the test solution ; and 
since each division represents \ grain of chloride of lime, 
45 grains of chloride of lime (10 grains of chlorine) were 
present in the 90 divisions so employed, from which the 
percentage strength may be ascertained : — 

For 45 : 10 : : 100 : 22-22. 
The chloride of lime examined, therefore, contained 22:J^ 
per cent, (nearly) of chlorine. This method is extremely 
simple and trustworthy when properly employed, but to 
ensure accurncy certain precautions must be adopted. In- 
stead of pouring the test liquor into the solution of the 
sample (as in alkalimetry), the solution of the sample must 
be poured into the test-liquor. If the contrary plan were 
adopted the hydrochloric acid of the test-liquor would 
liberate chlorine gas so fast that much would be lost, and 
the result rendered incorrect. By pouring, on the con- 
trary, the chloride of lime solution into the arsenious acid 
solution the chlorine is disengaged in small portions at a 
time, and meets with an abundance of arsenious acid to 
react on. The mixture of chloride of lime should also be 
employed turbid. 

" Estdmation of Alumina in Alnm Cake, etc. — Mr. Bow- 
land Williams, F.C.S., in a paper read before the Chemical 
Society in June, 1888, describes a method of estimating 
the alumina in alums, alum cakes, and sulphate of alumina, 
by which he obtained more accurate results than are ob- 
tained by the ordinary ammonia method of estimation. 
Aftqr pointing out several objections to the method of pre- 
cipitating the alumina by ammonia, he proceeds : — " There 
is another method for the estimation of alumina which is 
not so well known as the above. This is by means of 
sodiimi thiosulphate. Having had a very extensive and 
successful experience of this process, I can recommend it 
with confidence. Considerable practice is, however, neces- 
sary in order to secure good results, as certain conditions 
must be carefully attended to, otherwise the precipitation 
will be incomplete. The estimation is made in a mode- 
rately dilute solution. In the case of alum cake and sul- 



234 PERCENTAGE OF COMMERCIAL SODAS, ETC. 

phate of alumina I dissolve 400 grains in water, filter, 
dilute to 10,000 grains. I use 1,000 grains of this solution 
(equal to 40 grains of the sample) for estimating the 
alumina. If any free acid is present it is neutralised by a 
few drops of carbonate of soda solution, and the whole 
diluted to about 8 ounces measure. A large quantity of 
crystallized thio^ulphate of soda is then add^, and the 
liquid boiled for at least half-an-hour, constantly replacing 
the water lost by evaporation. By the end of that time 
all the alumina will be precipitated in a finely-divided 
form, along with more or less free sulphur. The precipi- 
tate is then filtered off and washed well with boiling 
water. The filtration and washing take place very rapidly, 
and may generally be accomplished in about twenty 
nunutes, this being a great saving of time in comparison 
with the long and tedious washing by decantation, which 
is necessary in the case of gelatinous alumina. Before 
filtration, it is advisable to add a drop or two of carbonate 
of soda solution, lest the liquid should have become slightly 
acid during boiling." 
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Preparation of Lakes. — These are prepared by either 
of the foUowing processes : — 1. By adding a solution of 
alum, either alone or partly saturated with carbonate of 
potiassa, to a filtered infusion or decoction of the colouring 
substance, and after agitation precipitating the mixture 
with a solution of carbonate of potash ("salt of tartar"). 
2.. By precipitating a decoction or infusion of the colour- 
ing substance made with a weak alkaline ley, by adding a 
solution of alum. 3. By agitating recently precipitated 
alumina with a solution of the colouring matter, prepared 
as before, until the liquid is nearly discoloured, or the 
alumina acquires a sufficiently dark tint. The first method 
is usually employed for aciduous solutions of colouring 
matter, or for those whose tint is injured by alkalies ; the 
second for those that are brightened, or at least uninjured, 
by alkalies ; the third, those colouring matters that have a 
great affinity for gelatinous alumina, and readily combine 
with it by mere agitation. By attention to these general 
rules, lakes may be prepared from almost all animal and 
vegetable colouring substances that yield their colour to 
water, many of which will be found to possess great beauty 
and permanence. 
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The precise process adapted to each particular substance 
may be easily ascertained by taking a few drops of its 
infusion or decoction, and observing the effects of alkalies 
and acids on the colour. 

The quantity of alum or of alumina employed should be 
nearly sufficient to decolour the dye-liquor, and the quan- 
tity of carbonate of potassa should be so proportioned to 
the alum as to exactly precipitate the alumina, without 
leaving free or carbonated alkali in the liquid. The first 
portion of the precipitate has the deepest colour, and the 
shade grad.uaUy becomes paler as the operation proceeds. 

A beautiful " tone " of violet, red, and even purple may 
be communicated to the colouring matter of cochineal by 
the addition of perchloride of tin ; the addition of arsen- 
iate of potassa (neutral arsenical salt) in like manner 
gives shades which may be sought for in vain with alum 
or alumina. After the lake is precipitated it must be 
carefully collected, washed with cold distilled water, or 
the purest rain-water, xmtil it ceases to give out colour. 

Braiil-wood Lake. — 1. Take of ground Brazil wood 
1 lb., water 4 gallons ; digest for 24 hours, then boil for 
30 or 40 minutes, and add of alum 1^ lb., dissolved in a 
little water ; mix, decant, strain, and add of solution of 
tin \ lb. ; again mix well and filter ; to the clear liquid 
add, cautiously, a solution of salt of tartar or carbonate of 
soda, as long as a deep-coloured precipitate forms, care- 
fully avoiding excess. 2. Add washed and recently preci- 
pitated alumina to a strong and filtered decoction of 
Brazil wood. Inferior to the last. 

Cochineal Lake. — 1. Cochineal (in coarse powder) 1 oz.; 
water and rectified spirit, of each, 2\ ozs. ; digest for a 
week ; filter and precipitate the tincture with a few drops 
of solution of tin, added every 2 hours, until the whole of 
the colouring matter is thrown down ; lastly, wash the 
precipitate in distilled water and dry it ; very fine. 2. 
Digest powdered cochineal in ammonia water for a week, 
dilute the solution with a little water, and add the liquid 
to a solution of alum, as long as a precipitate falls, which 
is the lake. Equal to the last. 3. Coarsely powdered 
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coclimeal 1 lb., water 2 gallons ; boil 1 hour, decant, strain, 
add a solution of salt of tartar, 1 lb., and precipitate with 
a solution of alum. By adding the alum first, and preci- 
pitating the lake with the alkali, the colour will be slightly 
varied. All the above are sold as carminated or Florence 
lake, to which they are often superior. 

Lac Lake. — Boil fresh stick-lac in a solution of car- 
bonate of soda, filter the solution, precipitate with a solu- 
tion of alum, and proceed as before. A fine red. 

Madder Lake. — 1. Take of Dutch grappe or crop mad- . 
der 2 oz., tie it in a cloth, beat it well in a pint of water in 
a stone mortar, and repeat the process with freshwater (about 
5 pints) until it ceases to yield colour ; next boil the mixed 
liquor in an earthen vessel, pour it into a large basin, and 
add of alum 1 oz., previously dissolved in boiling water, 1 
pint ; stir well, and while stirring, pour in gradually of a 
strong solution of carbonate of potassa (salt of tartar) 1^ 
oz. : let the whole stand until cold, then pour off the 
supernatant liquor, drain, agitate the residue with boiling 
water, 1 quart (in separate portions), decant, drain, and 
dry. Product, \ oz. The Society of Arts voted their gold 
medal to the author of the above formula. 2. Add a little 
solution of acetate of lead to a decoction of madder, to 
throw down the brown colouring matter, filter, add a solu- 
tion of tin or alum, precipitate with a solution of carbonate 
of soda or of potassa, and otherwise proceed as before. 
3. Ground madder, 2 lbs. ; water, 1 gallon ; macerate with 
agitation for 10 minutes, strain oft* fhe water, and press 
the remainder quite dry ; repeat the process a second and 
a third time ; then add to the mixed liquors, alum, \ lb. . 
dissolved in water, 3 quarts ; and heat in a water-bath for 
3 or 4 hours, adding water as it evaporates : next filter, 
first through flannel, and when sufficiently cold, through 

{)aper ; then add a solution of carbonate of potassa as 
ong as a precipitate falls, which must be washed until the 
water comes off colourless, and lastly, dry. If the alkali 
be added in 3 successive doses, 3 different lakes will be 
obtained, successively diminishing in beauty. 
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• 

Orange Lake. — Take of the best Spanish annotta 4 ozs. ; 
pearlash, J lb. ; water, 1 gallon ; boil it for half an hour, 
strain, precipitate with alum, 1 lb., dissolved in water, 1 
gallon, observing not to add the latter solution when it 
ceases to produce an effervescence or a precipitate. The 
addition of some solution of tin turns this lake a lemon 
• yellow ; acids redden it. 

Yellow Lake. — 1. Boil French berries, quercitron bark, 
or turmeric, 1 lb., and salt of tartar, 1 o'z., in water, 1 
gallon, until reduced to one half ; then strain the decoc- 
tion and precipitate with a solution of alum. 2. Boil 1 lb. 
of the dye-stuff with alum, ^ lb. ; water, 1 gallon, as be- 
fore, and precipitate the decoction with a solution of car- 
bonate of potash. 

Artiflcial mtramarine. — This is obtained by several 
processes, of which the following are examples : — 1. Take 
kaolin, 37 parts ; sulphate of soda, 15 ; carbonate of soda, 
22 ; sulphur, 18 ; and charcoal, 8 parts ; mix these inti- 
mately, and heat in large covered crucibles for twenty- 
four to thirty hours. The resulting product is then to 
be again heated in cast-iron boxes at a moderate tempera- 
ture, until the required tint is obtained ; it is finally pul- 
verised, washed in a large quantity of water, and the 
floating particles allowed to subside in a separate vessel ; 
the deposited colour is now collected and dried. 2. Expose 
to a low red heat; in a covered crucible as long as fiimes 
are given off, a mixture composed of : kaolin, 2 parts ; 
anhydrous carbonate of soda and sulphur, of each 3 parts. 
Some persons use one-third less carbonate of soda. 

Twaddell's Hydrometer, which is much employed for 
&scertaining the strength of. soda and chloride of lime solu- 
tions, etc., is so graduated and weighted that the or zero 
mark is equal to 1,000, or the specific gravity of distilled 
water at the temperature of 60° F., tod each degree on 
the scale is eqilal to '005 ; so that by multiplying this 
number by the number of degrees marked on the scale, 
and adding 1*, the real specific gravity is obtained. Thus 
10° Twaddell indicates a specific gravity of 1060, or 1*05, 
and so on.* 
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Imitation Manilla Palp from Wood. — Mr. George E. 
Marshall, of Turner's Falls, Mass., patented a process some 
years back by whicb wood, under the action of hot water, • 
and under a heavy pressure, acquires the characteristic 
colour of manilla. The wood, having been cut as usual, 
is placed in a closed vessel or t^-nk capable of resisting 
high pressure, if necessary, of 450 lbs. to the square inch, 
the material being closely packed. At the bottom of this 
tank is an opening with a valve, through which the water, 
previously heated to a point above boiling, and below 280°, 
is forced by a hydraulic press to such an extent as to 
saturate and to completely permeate the wood, and to 
soften and drive out of the pores the guin, resins, and 
acids ; and if the temperature is kept sufficiently hot, it 
gives the pxdp the desired colour belonging to a finely- 
made manilla paper. This may be aided somewhat by the 
introduction of a small quantity of some alkaline substance 
to act on the acids. The water may be heated in a coil 
outside, and forced into the tank by a hydraidic press. 
The water thus heated and forced in leaves the wood or 
the pulp in the most desirable condition for work and for 
colour. Pulp made from wood treated below the boiling 
point will be white ; but this process is said to secure the 
desired manilla colour by raising the temperature to 240° 
or 250° foi* a light pulp, and as high as 280° for a dark 
pulp. No pressiire is required from the steam above three 
atmospheres, but the press may give from 450 to 500 lbs. 
to the square inch, and practice has shown that the 
greater the pressure the more speedy is the operation on 
the wood.* 

Testing Ultramarines. — The sample of ultramarine 
should be examined as to its power of resisting the action 
of alum solutions, which may readily be done by the 
method suggested by Mr. Dunbar : — " Dissolve the same 
amount of each sample in water, and mix in this water 
about \ lb. of pulp. When thoroughly mixed, and each 
lot of pulp is well and evenly coloured, add one glassful 

* New York Fapvr Trade Journal, 1878. 
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of the ordinary mill alum liquor, either from pure alum, 
or aluminous cake to each, losing no time over the opera- 
tion. Stir each well and continuously with a glass rod, 
and note the glasses carefully as to the length of time 
each sample keeps its colour. ' To ascertain the staining 
power ^ so called, of the idtramarine, and at the same time 
the tone, or tint, which it will impart when mixed with 
pulp, 25 grains of each sample should be mixed with 100 
of kaolin or sulphate of lime (pearl hardening) and the 
several mixtures then worked up into a paste with a little 
water by means of a spatula, when the differences in the 
staining power of the respective samples will at once 
become apparent if either be of inferior quality. To make 
the test more complete, a like amoimt of commercially 
pure ultramarine dbould be mixed with 100 grains of 
kaolin for the purpose of comparison. In this way a 
ready judgment may be formed as to the quality of the 
sample under examination. 

Strength of Paper. — The comparative strength of 
samples of paper may be determined by cutting strips an 
inch in width from each sample, and suspending these 
from a rigid iron bar. Weights are then cautiously 
attached to each until the sample breaks, when the differ- 
ence in the weights sustained by the respective samples 
before the breaking point is reached will determine the 
comparative strength of the samples tested. Mr. Parkin- 
son, of St. George's £*oad, Preston, furnishes a simple 
contrivance for determining the breaking points of paper, 
and so comparing their value. 
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I. — ^Dalton's Table 8How}no the Proportion op Dry Soda in Leys op 

DIFFERENT DENSITIES. 



Specific 
gravity of 
solution. 



•85 
•72 
•63 
•66 



1-50 



1 
1 
1 



47 
44 
40 



Dry Soda 
per cent, 
by weight. . 
63-6 


Boiling 
points. 
600° 


Specific 

gravity of 

solution. 

1-36 


Dry Soda 

percent. 

by weight 

26-U 


63-8 


400° 


1-32 


230 


46-6 


300° 


1-29 


190 


41-2 


280° 


1-23 


10-0 


36-8 


265° 


1-18 


13-0 


34-0 


255° 


1-12 


90 


310 


248° 


1-06 


4-7 


29-0 


242° 







Boiling 
points. 

236° 

228° 

224° 

220° 

217° 

214° 

213° 



II.— Table op Strength op Caustic Soda Solutions at 69** F. 

150° C. (TiiNNERMAN). 



Specific Gravity 


Degrees 


Per cent, of 


Equivalent per cent. 


(Water 1,000). 


TwaddeU. 


Soda. 


Caustic Soda. 


1-0040 


0-80 


0-302 


0-503 


1-0081 


1-62 





•601 


1-001 


1-0163 


3-26 


1 


•209 


2-015 


1-0246 


4-92 


1 


813 


3-021 


1-0330 


6-60 


2 


418 


4030 


• 1-0414 


8-28 


3 


022 


5037 


10600 


10-00 


3 


•626 


6-043 • 


1-0687 


11-74 


4 


231 


7-051 


1-0675 


13-50 


4 


835 


8-Q59 


1-0764 


15-28 


5 


440 


9-067 


1-0855 


17-10 


6- 


044 


10-073 


1-0948 


18-96 


6 


648 


11-OHO 


1-1042 


20-84 


7- 


253 


12-090 


11137 


22-74 


7 


857 


13095 


1-1233 


24-66 


8' 


462 


14-103 


1-1330 


26-60 


9- 


066 


15110 


1-1428 


28-56 


9" 


670 


16-117 


1-1528 


30-56 


10- 


276 


17-125 


1-1630 


32-60 


10 


879 


18-131 


1-1734 


34-68 


11- 


484 


19-140 


1-1841 


36-82 


12 


088 


20-147 


1-1948 


38-96 


12 


•692 


21-153 


1-2058 


41-16 


13 


•297 


22-161 


1-2178 


43-66 


13 


901 


23-170 


1-2280 


46-60 


14 


606 


24-177 


1-2392 


. 47-84 


15-110 


25-170 



R 
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III. — ^Table SHOwnco the Spbcific Gbatitt COBRBSFONDING WITB[ tbb 

Deobees of Baumb's Htdbqmbteb. 

Liquids denser than Water. 



De- 


Specific 


Pe- 


Specific 


De- 


Specific 


grees. 


Gravity. 


grees. 


Gravity. 


grees. 


Gravity. 





1-0000 


26 


1-2063 


52 


1-6200 


1 


1-0066 


27 


1-2160 


53 « 


1-5363 


2 


1-0133 


28 


1-2258 


54 


1-5610 


3 


10201 


29 


1-2358 


56 


1-6671 


4 


1 0*270 


30 


1-2469 


66 


1-6833 


5 


10340 


31 


1-2662 


67. 


1-6000 


6 


10411 


32 


1-2667 


.68 


1-6170 


7 


10483 


33 


1-2773 


59 


1-6344 


8 


10656 


34 


1'2881 


60 


1-6622 


9 


1-0630 


35 


1-2992 


61 


1-6705 


10 


1-0704 


36 


1-3103 


62 


1-6889 


11 


10780 


37 


1-3217 ^ 


^63. 


1-7079 


12 


1-0857 


38 


1-3333 *^ 


64* 


1-7273 


13 


1-0935 


39 


1-3461 


65 


1-7471 . 


14 


1-1014 


40 


1-3571 


66 


1-7674 


16 

1 


1-1095 


41 


1-3694 


67 


1-7882 


16 


1-1176 


42 


1-3818 


68 . 


• 1-8095 


17 


1-1259 


43 


1-3946 . 


69 


1-8313 


18 


11343 


44 


1-4074 


70 


1-8537 


19 


1-1428 


4o 


1-4206 


71 


1-8765 


20 


1-1515 


46 


1-4339 


72 


1-9000 


21 


1-1603 


47 


1-4476 


73 


1-9241 


22 


1-1692 


48 


1-4615 


74 


1-9487 


23 


1-1793 


49 


1-4758 


76 


1-9740 


24 


1-1875 


50 


1-4902 


76 


2-0000 


25 


. 1-1968 


61 


1-4961 
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IV. — Table of Boiling Points op Alkaline Leys, 



^ 



Alkaline 
Ley. 


• 

Spedfio 
Giavity. 


FejWntage of 


BoUs at 

degrees 

Fahi-enbeit. 


• Soda .... 


1-18 


13 


217» 


Potash.... 


1-23 


19-5 


220 


Soda .... 


1-23 


16 


220 


Potash. . .. 


1-28 


23-4 


224 


Soda .... 


,1-29 


19 


224 


Soda .... 


. ' 1-32 


23 


228 


Potash.... - 


1-33 


26-3 


229 


Soda .... 


1 36 


26 


235 


Soda .... 


1-40 


29 


242 


Potash.. .. 


1-42 


•34-4 


246 


Soda .... 


1-47 


34 


255 


Potash.... 


1-44 


36-8 


255 


Soda .... 


1-6 . 


368 


265 


Potash .... 


1-62 


42-9 


276 


Potash.. .. 


1-6 


46-7 . 


290 


Soda .... 


1-63 


46-6 


300 


Potash;... 


1-68 


61-2 


329 



V. — ^Table showing the Quantitt op Caustic Soda^in Leys op 

DIFFEBBNT DENSITIES (WaTEB 1,000). 



Specific 


Soda 


Si^eciflo 


Soda 


gravity. 


percent. 


gravity. 


percent. 


1-00. 


0-co • 


1-22 


20*66 


102 


^•07 


1-24 


22-58 


1-04 


402 


1-26 


24-47 


1-06 


6-89 


1-28 • 


26-33 


1-08 


7-69 


1-30 


28-16 


1-10 


0-43 


1-32 


29-96 


112 


11-10 


1-34 


31-67 


1-14 


12-81 


1-35 . 


32-40 


1-16 


14-73 


1-36 


3308 


118 


16-73 


1-38 


34-41 


1-20 


18-71 







244 



USEFUL NOTES AND TABLES. 



VI.— Tablb showing the Quantity op Bleaching Liquid at 6" T wad- 
dell (Specific Gaatitt 1*030) kequihed to be added to Weakkk 
Liquor to baise it to the oiten Strenothb. 







ProportionB Beqnired. 


Strength of 
Sample in i^^. 


Required 
Strength. 












Given Sample. 


liqnor at 6°. 






parts. 


part. 


Water 


% o 

Iff 


8 




1 




n 




2 




11 




3 




13i 




4 




17 




6 




23 




6 


*» * 


35 




7 




71 




Water 


A" 


11 




1 




13} 




2 


• 


17 




3 




23 




4 




36 




5 




71 


A 


Water 


^> 


17 




1 




23 




2 




35 




3 




71 




Water 


A" • 


23 




1 




35 




2' 




71 





VII. — COMPAEATIYE FrENCH AND ENGLISH THERMOMETER ScALES. 



equals 



French 


or Centigrade. 


Gent, or C. 


5 


>> 


10 


» 


15 


f) 


20 


>f 


25 


» 


30 • 


» 


35 


» 


40 


i» 


45 


>» 


50 


)> 


55 


>» 



English 


or Fahrenheit. 


32 Fahr. or F. 


.41 . 


t> 


50 


>» 


59 


)» 


68 


»» 


77 


>t 


86 


>» 


95 


i» 


104 


»> 


113 


»» 


122 


»» 


131 


» 
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> Bnoubh Tbeskohbteb SC11.M — omtiKuei. 
eqoiik 140 FiitLr. or F. 



(Wttter boiU) 
{Mercury boUa) 



(Water boila) 
(Mercury boils) 



VIII. — WbIOHTB AJjD MsiBURES OF THK MeTBICAL StSTBH. 

(From the BritiBh PhormacopceiB.) 

1 MilligramTDe ■=. the thouiandtb part of one gramme, or 0-001 gram: 

1 Ceatigramme ^ the hundredth „ „ O'Ol „ 

1 Decigramme ^ the tenlh „ „ O'l „ 

1 Grammes weightofacuMccentim^tre of wateriit4'' C. I'O „ 

1 D^flgtamme ■=. ten grammes .... lO'Q „ 

1 Hectogramme ■=■ one hundred gramroea . 100-0 „ 

1 Kilognmme ^ one thoosaiid grammes . . . 1,000-0 „ 



P CAPACITY. 

1 cubic centirafetre, or the measure of IgtMomeofwater. 



1 Millili lTB — 

I Centilitre = 
1 Uteilitre ^ 
1 Litres 



I Uiltimfetre ^ the thousandth part of one m^tre, or 001 m^e. 
1 Centimetre ^ the hundredth „ „ 001 „ 

1 Decimetre ^ the tenth „ „ 0-L ,, 

I U^tre ^ the t»n-millionth part of a qu^er of the meridian 

IX. — Tabli op Fekncb Wfiohis jun> Mkasdbbs. 



1 Litre (the unit) equaU 31 fluid oia. nearly. 
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LONG MEASURE. 

M^bre (the noit) equalB 39*371 inches. 

D^im^tre (10th of a mMre) „ 3*9371 „ 

Centimetre (100th of a m^tre) ,, 0*3937 ,, 
Millimdtie (1,000th of a mdtre) „ . 0*0393 „ 



List of Works relating to Paper Manufacture. 

• 

<* Practical Bemarks on Modem Paper.^' J. Murray. Edinburgh, 
1829. 

" Manuel du Fabricant des Papiers." L. 8. Le Normand. Paris, 1834. 

** L'iDdustrie de la Papetrie." G. Planche. Paris, 1853. 
.'^DieFabrikationdesPapiers.'* L.MuUer. Berlin, 1856. 
• '* Manufacture of Paper and Boards*" A. Proteaux. Philadelphia, 
1866. 

'^ Manufacture of Paper." C. Hofmann. Philadelphia, 1873. 

** Pflanzenfasir." Hugo Midler. Leipzig, 1873. 

*< Bamboo Considered as a Paper-making Material."* London, 1875. 

" Etudes siir les Fibres V6^6tale8." Vltillart. Paris, 1876. 

< ' Technology of the Paper Trade " (Cantor Lectures) . Arnot. Jouroal 
Society of Arts, 1877.. 

"The Practical Paper-maker." J. Dunbar. London, 1881. 

"Forestry and Forest Products." Edinburgh, 1884. ' 

** A Treatise on Paper." R. Parkinson. Preston, 1886* 

"Manufacture of Paper." C. T. Davis. Philadelphia, 1887. 

< * Manufacture of Paper. " Tomlinson . 

" Text Book of Paper-making." C. F. Cross and E. J. Bevan. 

' Articles on paper-making will also be found in the following encyclo- 
paedias, journals, etc : — 

" EncyclopsBdia Britannica," vol. xvii. ; ** Encyclopssdia Metropoli- 
tana," 1845; " Tomlinson' s Cyclopaedia; " "New American CyclopcB- 
dia;". "British Manufacturing Industries;." "English Cyclopaedia;" 
" Encyclopaedia Americana ; " " Penny Cyclopaedia ; " * Taper Makers* 
Monthly Journal ; Faper Makers* Circular; Faper Trade Journal; Ameri' 
can Paper Trade Journal. 
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4CETIC Mid, 64. 08 
Acid, traenious, praeets, 231 

or bisulphite prflceBses, ob- 

jectioDS to, 71 
boracic, 46 
carbonic, 97 
flDO-dlicic, 175. 
h;droc1iloric, 5S. 2S2 
hTpochlorbus, 93 
nfiric, 66 

DitTOUB, 66 

nitro-hvdrocbloric, 64 

prncESSW, McDongall's 

boiler for, T2 
Bulphuric, 47, 99 

aobydronB, 225 
sulphurous, 55, 175 
teal, 224 

t«st, proparttlon of, 225 
treatment o( wood, 81 
Acidn, aedon of, on. cellulose, 2 



AdamsoQia, 6G 
AdamNu'S piocsM, 77 
African eapaito, 17 
Agalite, 115 
Ati:ar-agar, 178 
Ai^ve Americana, S 
Alexandria rags, 21 
Algerian esparto, 47 
Alfcali. caustic, 48 
tes0ng,221 
AllulimeteT, Moht's, 223 ' 
Alk&iimeters, 222 
Alk»limetry,'!21 

Alkaline 1™, boijing poind of, 243 
Alkalis, iam^ing, 227 
Alum, lis 



cnncentiated, 119 

ciyatallised, 119 

liquor, 240 

pearl, 119 

porous, 187 
Alumina, ealimatlon of, in alum, &c., 
233 

sulphate of, 100 
Alnminium, chloride of, 100 

hypochlorite of, 100 
Aluminous cake, 119 

erican combinations tor eolonring, 
187 - 

method ot sizing, 123 

ochre. 167 

refining engines, Mr. Wfatt on. 



r 218 



103 
system ot soda le 
wood pulp, 60 . 
Ammonia, 233 

Andieoli's electrolytic bleaching pro- 
cess, 96 
Anhydrous soda, 225 

sulphuric acid. 225 
Aniline blues, 168 

-nds, 168 

sulphate ot, 8 

trielbyl rose, 98 
Animal size, preparation ot, 120, 

sized papers, 1^ 

or tub-siiing. 122 
Annotta, Spaoish, 23S 
AnticKlor, 109 
Antique paper, 157 
Apparatus, disintegrating, 72 

evaporating, 205 
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A^u« nwla, 66 


Bertrams' conical pnlp^ver, 14 


Aroot, Mr., on bsitine-cngiDn, lOi! 




damping-rails, 155 


oa fiaiahiDg, 100 






Arnot's melhod of alkali (eating, 229 




esparto-cleaner, 40 ' 


Artificial fionei*, colouring pauer (or. 




large paper macbine. 134 


108 




rag boiler, an __ _ 


nltrammrine, 238 






Anenioos acid pracc«a, S31 




engin 


A,b*8lPB. J3, 115 




revoWiog 1 


Aih, blacl^ 218 




137 


Ainsedai's procesa, 63 




TevolviDgk 


Amre blue, IJO 




reeling mac 


■DACK-WATERpump, Bertrams', 195 
-I> Baggms, old, 10 




Wfb-glaai.| 




ni Hawing ■ 


Halum, Canada, 179 




26 


BhWc riKi, 21 


Beetroot refose, 1 


K.mbooca»e.lO, 18 


Be 


root raga, 31 


Hambuwvulgana,18- 


Bic 


hromate of p( 


Han»n« fibre, 10 


Bin 


dera' clipping 




Bir 


oh, 60 


Baobab, 85 ■ 


Bis 


ulpbiteollim 


Haili fibrai, 6 






oak, 168 




proceBs,Bli 


paper mal berry , ID 




Pram 


B»rre and Blondel's pro.esa, 66 




Grahi 


Ba,l bagging. 10 
JiauTn6'«Tivdronieter, 242 
Keakers, 2:22, 224 




WiW 




obieo 


BUcl.aah,21li 


Be«M:r.37 






Jordan, Vi% lOi 




cotton. 20 


KinpJatid, 104 




Frankfort, 


BeaUng, 101 




lamp, 166 




Bla 


ck».2J 


engine, 103 


Bleach, S3 


Bertram^, 105 




liquor, alui 


Forbffl', 105 




Wibo 






2inc, 


engines, Amot on, 102 




mlier, 92 


operations of, 107 




pump. Don 


or refining, 101 


BleacliiDK,"89 


Belgian rags, 20 




agent, 90 


Beiitley and Jackson's boiler, 80 




wltb cblorii 


cooling and dam ping rolls, 139 




Chlorl 


drum-wa.her, ISo 




cesf 


drv felt self-BCliiig ng)ilator,ie6 




C. Wau, j. 


glazing calender, 155 ■ 




Ce™.e4 


rag-cutler, 2i 




electrolytic, 


engine, 38 
singleHjjlinder machine, 1S3 




96 




Hermite'a p 


web-ripping macbine, IH8 




esparto, 60 




liquid, Ublc 


H^TurWu^ 166 




to be use. 


Bertrams' back-watet pnmp, 195 




liquor, 5", £ 


beating-engine, Tos" 




prepai 
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Bleaching liquors, 3 

Lunge's process of, 98 

new method of , 100 

operations, 89 

powder, 92 

estimation of chlorine in, 

230 
Fresenius' method, 231 
Gay-Lussac's method, 231 
Bleaching, sour, 91 

Thompson's process, 97 

Youngs method, 100 
Blending, 112 
Blitz's process, 72 
Blotting-papers, 21, 181 
Blue, lb6 

azure, 170 

Berlin, 168 

Bremen, 170 

cottous, 20 

dark, 170 

indigo, 166 

linens, 20 

mineral, 171 

pale, 170 

paper, 19 

Paris, 169 

Prussian, 165 

rags, 19 

smalts, 165 
Blues, 20 

aniline, 166 
Boiler, Bentley and Jackson's, 80 

Roeckner's, 45 
' Boiling, American, 60 

esparto, 41 

rags, 29 

straw, 81 

waste paper, 83 
Boracic acid, 46 
Borax, 169 
Hoxes, suction, 148 
Brazil wood, 166 

lake, 236 
Breaking half-stuff, 39 

points of paper, method of deter- 
mining, 240 
Breaking and washing, 34 
• Breast-roll, 149 
Bremen blue, 170 
*' Broke " paper, 85 
Bromine, 6 

water, 6 
Broom, 10 . 
Bruussonetia papyrifera, 18 



Brown, 167 
Jbrown, dark, 170 
reddish, 172 
Bucking-keir, 88 
Buckwheat straw,- 10 
Buff envelope, 167 
Bunsen burner, 225 
Burettes, 222 

riALCINED soda, 93 
^ Calciner,206 
Calcium, acetate of, 98 

chloride of, 109, 230 

hypochlorite of, 3 

salts, 99 
Calender, glazing, 15'4 
Calendering, 154 

super, Mr. Wyatt on, 158 
Calicoes, black, 20 
Canada balsam, 179 
Cane, bamboo. 10 

rattan, 10 
Caoutchouc, 73 
Carbonate of lime, 119 

magnesia, 46 

potassa, 235, 236 

soda, 31 
Carbonell's esparto process, 46 
Carbonic acid, 97 
Carbonisation, 75 
Cardboard, 182 

with two faces by ordinar}* ma- 
chinery, 182 

work, 179 
Carminated lake, 237 
Carrageen moss, j 78 
Carrjung tubes, 143 
Castile soap, 121 
Caustic alkali, 48 

potash, 3, 7 

soda, 31 

ley, 31 

table showing quantities of 
in leys of different den- 
sities, 243 
Canticising soda, 32, 205 

tanks, 218 
Cellulose, 1 

action of acids on. 2 

determination of, 5 

of 0ax, 4 

physical characteristics of, 3 

white, 76 
Chemical combination, 2?4 

processes, 55 



Chemlcil wood pulp, S4 


Copper, hvdraled oiide of, 175 ■ i 


Chilled-iion gl.dng-rol^ 166 
Cbim cl>r. 111 


lulpliate, 146 
Copperas, 165 , 


ent».10 


Copying-paper, 120 ! 






cilcium. 101,230 


Cork, 180 


lime, 47, 230 


paper. 180 


ble«!biiigwilh,92 


Coel of animal and engine «iing,^!om- j 


' WstiDg umplea ot, 233 


paralive estimate of, 12S ; 


mlgneolum, 96 


CoMonHbre,3 , 




fiUment* of, 7 1 


oodium, 95, 108 


pieces, 20 ] 


ilDC, 90 


rag., 10 


Chlorimeler, 232 


seed wane, 10 ' 




oil aoap, 121 


ChloriD*, 2, 90, 232 


raperfinflwliltea,20 


gia, blenching irith, 93 


waste, 10 




wool, 10 


of, 230 


Cottons, blue, 20 


teat for, 110 


oub.hot,20 


Chrome, lemon, 170 


unbleached, 20 


OMDge, m 


Coucher. 130 


yellow, m 


Couch-rolls, 149 


Cinnabar, 171- ' ' 


Coupler and Melliei's process, 80, 84 


Citrate of tin, 169 


Crop madder, 237 


Clariaer, Boeckner's, 199 


Crystallised alum, 119 


Claj, Chioa, lU 




"Close'^paper, 112 ■ 


WriEhl'nprocenof piepaHDg,176 


Cutting, 22, 161 


Cobalt, oiide of, 166 


machine. 23 


Cochineal, 121, IM 


Verny's, 187 


lake, 236 


Cotter, alngU-sheet, 162 


Cotcolhar, 170 


Cuttera, 22 


Coloured coHon. 20 


Cylinder, drying. 185 


p. pen, 165 


machine, single, 152 


Colouring, 121 


washing. 193 




Cylinders, drying, 151 


matciiala. mixing, with pulp, 168 




matters used in paper makine, 




166 


iJ of drv soda in leys of different 


' paper for artificial flowere, 16S 




densities; 241 


221 


Damping.rollo, Bertrams', 155 




Dandy-roll. 144 


eizing, estimalo of, 12S 


Deckle. 130 


French and Englieh thermometer 


frame, 143 


ecalo, 244 


strap, 143 


177 


marks, 147 


Conical pnlp-Baver, 144 




Cooling and damping rolls, Bentlev 


centage of commercial sodas, chloride 


and Jflckfon'., 189 


of lime. Ac., 221 


Copal, white, 179 


I>evil, Donkin's,27 


Copper, green, 170 


Dextrin, 2 
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Diana's process for making paper or 
cardboard with two faces by ordinary 
machinery, 182 
Jbigester, 65 

Disinfecting machine, 12 
Disintegrating apparatus, 79 . 
Doctor, the, 150 
Donkin's bleach -mixer, 92 
pamp, 193 
glazing machine, 157 
• press, 167 

plate-planing machine, 191 
rag boiler, 30 

dusting machine, 26 
washing cylinder for rag-engine, 
193 
Double crown, 164 
demy, 164 
royal, 164 
Double-sized paper, 126 
Drab, 167 
Drainers, 89 
Draining, 39 

Dr. Mitscherlich's process, 71 
Drum-washer, 34 

Bentley and Jackson's, 185 
Drj'-felt regulator, self-acting, 186 
Drying cylinder, 185 

cylinders, 151 
Dunbar's method of treating esparto, 
48 
observations on beating, 102 
Duster, 26 
Du&ting, 26 

Dutch grappe madder, 237 
Dyers' wood waste, 10 



EDGE-RUNNER, Bertrams', 62 
Ekman's process, 70 
Elastic fibres, 3 

packing, 72 
Electrolytic bleaching process, An- ' 
dreoli's, 96 
Hermite's, 96 
C. Watt's, 94 
Electrotypes for water-marking. 146 
Engine,* beating, 103 

Bertrams'; 105 . 
Forbes', 105 
Umpherston's, 105 
Marshall's perfecting, 201 
size, French method of prepar> 

iug. 120 
sizing, 115 



Engines, beating, Mr. Arnot on, 102 

refining, American, Mr. l^^att 
on, 103 
English green, 172 

pink, 172 
Envelope, buff, 167 

orange-red gold, 167 

■yellow gold, 167 
Eosine, 166 

Equivalents, chemical, 224 
Ei«parto, African, 47 

Algerian, 47 
• bleaching, 50 

boiler, Sinclair's, 42, 43 ' 

boiling, 41 

cleaner, Bertrams', 40 

Dunbar's treatment of, 48 

fibre, 4 

Gabes, 4? 

grass, 10, 16 

Mallary's process for, 46 

Gran, 47 

picking, 40, 

preliminary treatment of, 40 

Carbonell's process for, 46- 

Sfax, 47 

Spanish, 47 

Susa, 47 

Tripoli, 47 

washing boiled, 49 

willowing, 41 

Young's process for boiling, 50 
Estimation of alumina in alum cake, 
Ac, 233 

of chlorine in bleaching powder, 
230 

of commercial sodas, 221 
Eucalyptus, oil of, 178 
Evaporating apparatus, 205 
Evaporator, esparto, 20l6 

Porion's, 208 

Roeckner's, 206 

Yaryan's, 208 
Evaporators, American, 61, 208- 
.Examination of commercial sodas, 
221 

"PEEBLY-RIBBED, or smooth fibres. 

Felt, 72, 101 
Felting, 131 
Fern lekves, 10 

Ferrocyanide of potassium, 165 
Fibre, banana, 10 
cotton, 3 



2>2 
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Fibre, esparto, 4 

flax, 7 

hem^, 8 

jute, 4, 8 

linen, 4 

Mapilla, 4 

sulphite, and resin, 76 

yellow pine, 4 
Fibres, acicu^, 3 

bark, 6 

elastic, 8 

round-ribbed, 5 

smooth, or feebly-ribbed, 5 

spiral, 8 

straw, 4 

various, treatment of, 80 

vegetable, micrographic exami- 
nation of, 5 

vegetable, recognition of, by the 
microscope, tl 
Fibrous waste j 11 
Fin^hed paper, packing the, 163 
Finishing, 157 

Arnot on, 160 

house, 163 

and sizing, 132 
First press-roll, 150 
Flask, 227 
Flax, cellulose of, 4 

fibre, or linen, 7 

New Zealand, 8, 10 

tow, 11 

waste, 10 
Flocks, 73 
Florence lake, 237 
Foolscap, 164 

Forbes' beating-engine, 105 
Foreign rags, 20 
Fourdrinier machine, 133 
Francke's bisulphite process, 68 
Frankfort black, 169 
French and English thermometer 
scales, comparative, 244 

measure of volume, 245 

rags, 20 

weights and measures, table of, 
245 
Fresenius' method of estimating bleach- 
ing powder, 231 
Friction-glazing, 157 
Fridet and Matusaiere's process, ^ 
Furnace, incinerating, 208 
Fustians, 20 
Fustic, 169 



GABES esparto, 47 
• Oaine's process for making parch- 
ment paper, 182 
Gamboge, 169 • 

Gas, chlorine, bleaching with, 93 

receiver, 65 
Gay-Lu9sac*s method of estimatino^ 

bleaching-powder, 231 
German rags, 21 
Glaser's process for bleaching with 

chlorine gas, 93 
Glauber's salt, 109 
Glazing calender, 154 

press, Donktn's, 157 

rolls, chilled-iron, 156 

web, 154 
Glucose, 2 
Glue pieces, 122 

stock, 124 
Glycerin. 120 
Graham's process, 73 
Grass, China, 10 

esparto, 10, 16 

sea, 11 
Green, copper, 170 

English, 172 

pale, 170 

Schweinfurth, 171 
Grey linens, 20 
Ground madder, 237 

wood pulp, 85 
Guillotine rag-cutter, 24 
Gum arable, 169 

sandarac, 179 

tragacanth, 168 
Gunny, 20 

bags, 10 
Gutta-percha, 147 



HALF jute and linen, 20 
■ stuff, 39, 101 

breaking, 39 
Hemp fibre, 8 

Manilla, 4, 10 
sizal, 8 
tarred, 20 
waste, 10 
white, 20 
Hermite's electrolytic bleaching pro- 
cess, 96 
High-pressure boiler, 63 
Hollander, or rag-engine,. 34, 129 
Home rags, 20 
Hup-bines, 10 
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Hydrate of soda, 2^5 
Hydrated oxide of copper, 175 
Hydro-cellulose, 1 
Hydrochloric acid, 55, 232 
Hydro-extractor, 94 
Hydrometer, fiaume's, 242 

Twaddell's, 238 
Hypochlorite of aluminium, 100 

calcium, 3 

lime, 92, 98, 230 

soda. 8 

sodium, 96 
Hypochlorous acid, 98 
Hyposulphite of soda, 110 

IODIDE of potassium, 111 
Imitation Manilla pulp from wood, 
239 
Imperial, 164 
Incinerating furnace, 203 
Indiarubber, vulcanised, 223 
Indigo, 98, 166 

sulphate of, 232 
Ink, lithographic, 180 
Introduction of wood pulp, 17 
Irish moss, 178 
Iron, oxide of, 34 
Iron, pernitrate of, 165 

sulphate of, 170 
Isinglass, 179 

JAPANESE paper, new, 180 
Jordan's beating engine, 103, 104 
Jou^let^s process for waterproof paper, 

177 
Jute fibre, 4, 8 

Manilla, dec, 84 
spinners' waste, 20 
waste, 10, 20 

KAOLIN, 114, 182 
Keegan's process, 59 
Killing the colour, 121 
Kingsland beating-engine^ 104 
Knife, revolving, 161 
Knotter and strainer, revolving, 137 
Kollergang, or edge- runner, 8 J 

LAC lake, 237 
Laid paper, 130 
Lake, Brazil-wood, 236 
carminated, 237 
cochineal, 236 
Faience, 237 



Lake, lac, 237 

madder, 237 

orange, 238 

scarlet, 171 
Lakes, preparation of, 235 
Lamp-black, 166, lci9 
Leaching, 218 

tanks, 218 
Lead, nitrate of, 167 

white, 171 
Leather waste, 11 
Leghorn rags, 21 
Lemon chrome, 170 
Leys, alkaline, boiling point of, 243 

of different densities, table show- 

. ing quantities of caustic soda 
in, 243 
Lime, bisulphite of, 71 

carbonate of, 119 

chloride of, 23, 47, 110 
bleaching with, 92 
testing, 232 

hypochlorite of, 92, 98, 230 

milk of, 33, 72, 110 

sulphate of, 100 
Limed skins, 122 
Linen, 4 

fibre, 4 

or flax fibre,. 7 

pieces, 20 . 

rags, 10 

waste, 10. 
Linens, blue, 20 

extra fine, 20 

grey, 20 

strong, 20 

white, 20 
Liquor, bleaching, preparation of, 92 
Liquors, bleaching,. 3 

spent, recovery of soda from, 218 
Lithographic ink, 1*80 

paper, 180 
Litmus paper, 183 
Lixiviation, 75 
Loading, 114 
Logwood, 166 
Long measure, French, 246 
Lunge's bleaching process, 9 

MACHINE, Bentley and Jackson's 
perfecting, 201 
web-ripping, 198 
Bertrams' large paper, 13 
rag-cutting, 23 
reeling, 197 
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Machine, Bertrams* web-glazing, 196 
willowinK and dusting, 26 

disinfecting, 12 

Donicin*8 p^te-pUning, 191 
rag-dostins^, 26 

Foardrinier, 133 

rag-cutting, 23 

roll-bar planing, 191 

aingle-cylinder, 152 

web-winding, 188 

sizing, 126 

Verny's puper-cntting, 187 

wire and its accessories, 142 

Yanlcee^l52 
Machinery, making pap^r by, 133 

used in paper-making, 184 . 
Machines, wet, 57 
Madder, Dutch, 237 

ground, 237 

lake, 237 
Magnesia, carbonate of, 46 

sulphate of, 46 
Magnesian. limestone, 69 
Mdgnesite, 46, 70 
Magnesium, bisulphite of, 70 

chloride of, 9^ 
Maize husks and stems, 10 
Making the paper, 130 

paper or cardboard with two 
faces by ordinary machinery, 
182 

paper by hand, 129 
machinery, 133 
Mallar/jB process for esparto, 46 
Manganese, peroxide of, 94 . 
Manilla fibre, 4 

hemp, 4, 10 

jute, &c., 84 

paper, 85 
Manilla, imitation, from wood pulp, 

239 
Manning winder, 159 
Maori-prepared phormium, 8 n 
Materials, raw, 10 

nsed in paper-making. 9 
Marking, water, 146 
MarshalFs perfecting engine, 201 
McDougall's boiler for acid processes, 

72 
Mechanical processes, 78 

wood pulp, 113 

Voelter^s process of pre- 
paring, 78 
Mefi^ass, or cane trash, 10 
Mellier's process, 8t 



Method of sizing, American, 123 
Metrical system, weights and measuree 

of, 245 
Micrographic examination of vegetable 

fibres, 5 
Microscope, recognition of vegetable 

fibres by, 6 
Midfeather, 35 
Milk of lime, 33, 72, 110 
Millboard, 175, 182 
Mincine the fibre, 102 
Mineral blue, 171 
orange, 166 
Miscellaneous papers, 174 
Mixed fi^es, 20 
prints, -20 
Mixing colouring materials with pulp, 

168 
Mohr's alkalimeter, 223 
Molasses, 180 
Morfit's process for toughening paper, 

178 
Morocco papers, stains for, 171 
Mucilage, 94 
Mustard oil, 46 ' 
stems, 10 

NASCENT chlorine, 96 
Netting, old, 11 
New Japanese paper, 180 

method of bleaching, 100 
New rags, 20 
New Zealand flax, 8, 10 
Nitric acid, 66 
Nitro-hydrochloric acid, 64 
Nitrous acid, 66 
Notes and tables, 235 
Nutgalls, 166 
Nuttall's rag-cutter, 24 

OAK-BARK, 166 
Oakum, 11 
Objections to the acid or bisulphite 

process, 74 
Ochre, American, 167 

yellow, 165, 166 
Oil, boiled, 179 

cotton-seed, soap, 121 
of eucalyptus, 178 
linseed, 179 
mustard, 46 
resin, 178 
of turpentine, 179 
of vitriol, 100 
Oiled paper, 180 
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Old bagging) 10 

bast bagging, 10 

canvas, 10 

netting, 11 

rope, 10 

style, 157 
Operation of beating, 107 
Oran esparto, 47 
Orange cbrome,. 166 

lake, 238 

mineral, 166 

red gold envelope, 167 
* yellow, 171 
Organic acid, 99 
Outsbot cottons, 20 
Outshots (whites), 20 
Overhaulers, 22 
Oxalic acid, 98 
Oxide of cobalt, 165 

iron, 34 

zinc, 99 

PACKING the finished paper, 163 
Pale blue, 170 
Panels, millboard, 175 
Pasteboard, 179 
Paper, animal sized, 123 
antique, 157 
blotting, 21, 181 
blue, 19 
breaking points of, method of 

determining, 240 
"broke," 85 
or cardboard with two faces made 

by ordinary machinery, 182 
colouring, for artificial flower8,168 
copying, 120 
cork, 180 . 

cutting machine, Vemy's, 187 
doub'le sized, 126 
hand-made, 129 
new Japanese, 180 
machine, Bertrams' large, 134 
Fourdrinier's, 133 
Yankee, 152 
making by hand, 129 
by machinery, 133 
machinery used in, 184 
materials used in, 9 
manilla, 85 

imitation manilla, from wood, 239 
Morfit^s process for toughening, 

178 
mulberry, 18 
baik, 10 



Paper, oiled, 180 

old style, 157 

parchment, 181 

shavings, 58 

sizes of, 164 

strength of, 240 

Parkinson's contrivance for 
determining, 240 

toned, 165 

toughening, 178 

tracing, 179 

transparent, 179 

turmeric, 183 

varnished, 179 . 

vegeto-mineral, 115 

waste, 85 

boiling, 86 

Ryan's process for treating, 
87 

water-marked, 130 

waterproof, 174 

Jouglet's process, 177 

for windows, lb.l 

coloured, 165 

miscellaneous, 174 

Morocco, stains for, 171 

printing, 164 

satin, stains for, 172 

test, 183 

wrapping, 178 

writing, 164 
Parchment liquor, 171 

paper, 181 

shavings, 171 
Paris blue, 169 
Parker and Blackman's disinfecting 

machine, 12 
Parting, 13^ 
Pardngtoh's process, 71 
Pearl alum> 119 
Pearlash, 238 
Pearl hardening, 114 
Peat, 10 
Pectin, 6 
Pectose^ 6 

Perchloride of tin, 236 
Pe^ecting engine, Marshall's, 201 
Pemitrate of iron, 165 
Peroxide of manganese, 94 
Bfitroleum, 178 
Phormium tenax, 8 
Physical characteristics of cellulose, 3 
Picking esparto, 40 
Pictet and Br^laz's process, 64 
Pieces, cotton, 20 
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Pieces, lineo, 20 
rink, 106 

Eiiglwh. 172 
Plafe-glazing, 157 

calender, reversing?, 191 

planing machine, 190 
Poplar, 10. 60 
Porion's evaporator, 203 
Porous alum, 1(57 
Potash, 74 

carbonate of, 225 

caufltic, 3, 7 

yellow prussiate of, 165 
Potassa, carbonate of, 235 . 
Potassium, chloride of, 95 

iodide of. 111 

ferrocyanide of, 165 
Potcher, 37 
Poucher, 39 
Poumarede and Figuier*8 process for 

parchment paper, 181 
Preliminary operations, 19 

treatment of esparto, 40 
Preparation of animal size, 122 

bleaching liquor, 92 

lakes, 235 

test acid, 225 
Press, glazing, Donkln's, 157 * 
Press-roUs, 150 
Presse-pate, 51 
Printing-paper, 103 

papers, 164 
Prints, light, 20 

mixed, 20 
Process, Adamson's, 77 

American wood pulp, 60 

Andreoli's electrolytic bleaching, 
96 

arsenious acid, 231 

Aussedat's, 63 

Barre and Blondel's, 66 

Blitz's, 72 

Carbonell's- esparto, 46 

Coupler and Mellier's, 80 

C. Watt's electrolytic bleaching, 
94 

Diana's, for making paper with 
two faces by Ordinary ma- 
chinery, 182 

Dr. Mitscherlich's, 71 

Eckman's, 70 
Francke's bisulphite, 68 
Fridet and Matussiere's, QQ 

Gaine's, for making parchment 
paper, 182 



Process, Graham s, 73 

llermite's electrolytic bleaching, 

96 
Jouglet's, for preparing water- 
proof paper, 177 
Keegan's, 59 
Lunge's bleaching, 98 
MalLar>''s esparto, 46 
• Mellier's, 84 
Morfit's, 178 
Partington's, 71 
Pictet and Brelaz's, 64 
Poumarede and Figuier's, 181 
retting, 129 

Bitter and Kellner's, 71 
Byan's, 87 

Scoff ern and Tidcombe's, 174 
Sinclair's, 58 
Thompson's, 97 
Thune's, 79 
Voelter's, 78 
Watt and Burgess's, 55 
Wright's, 175 
Young's, 50 

Young and Pettigrtw's, 66 
Processes, acid or bisulphite, objec- 
tions to, 74 

McDougall's boiler for, 72 
chemical, 55 
mechanical, 78 
sulphide, 77 
sulphite, 68 
Prussian blue, IC'5 
Prussiate of potash, 1C5 
Pulp, ground wood, 85 
long-fibred. 111 
mechanical wood, 113 
mixing colouring matter with, 

168 
rag, 72 
Pulp saver, 143 

conical, 144 
strainers, 137 

Bertrams' revolving, 137 
Boeckner's, 140 
Pulp, sulphite, 68, 160 
wood, American, 60 

first introduced by Mr. C. 

Watt, 17 
'imitation Manilla from, 
239 
Pump, vacuum, 149 

QUEBCITBON, 166 
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RAG bagging, 11 
boiler, Bertrams', 29 
Donkin's, 30 

cutter, Nuttairs, 24 

cutting-machine, Bertrams', 23 
■Donkin's, 26 

engine, 34. 

Bentley and Jackson's, 38 
Bertrams', 37 

pulp, 72 • 
Rags, 11 

Alexandria, 21 

Baltic, 21 

Belgian, 20 

Bevrout, 21 

blue, 19 

boiling, 29 

cotton, 10 

country, 21 

disinfecting, 12 

foreign, 2D • 

Frencii, 20 . 

German, 21 

home, 20 

Leghorn, 21 

liuen, 10 

new, 20 

Russian, 21 

sorting, 19 

treatment of, 19 

Trieste, 21 

Turkey, 21 

woollen, 21 
Rattan cane, 10 
Raw materials, 10 
Recognition of vegetable fibres by the 

microscope, 6 
Recovery of soda, American system, 
218 

from spent liquor, 204 
Red, cherry, 170 

dark, 170 

litmus paper, 183 

ochre, 172 

pale, 171 

Turkey, 170 

Venetian, ^66 
Reds, aniline, 166 
Reeds, 10 

Reeling machine, Bertrams', 197 
Refining or beating, 101 

engine, 159 

Jordan's, 103 

engines, American, Mr. Wyatt 
• on, 103 • 



Regulating box, 136 
Resin, 6, 115 

oil, 178 

size, 118 

soap, 116 
Resinous soaps, 179 
Retree, 85, 164 
Retting, 4 

process of, 129 
Reversing or plate-glazing calender, 

190 
Revolving knife, 161 

cutter, 162 

strainer and knotter, 137 
Rhamnus catharticud, 169 
Ritter and Kellner's process, 71 
Roeckner's boiler, 45 

clarifier, 199 

evaporator, 206 

pulp strainers, 140 
Roll-bar planing machine, 191 
Rolls, couch, 149 

press, 150 

smoothing, 151, 152 
Rope, 20 

bagging, 20 

hard, 20 

tarred, 20 

white, 20 
Round-ribbed fibres, 5 
Royal, 164 
Russian rags, 21 

Ryan's process for treating waste 
paper, 87 

OAILCLOTH, 11 
^ Salt of tartar, 235 
Sampling alkalies, 227 
Sandarac, gum, 179 
Sand-table, 136 

tables, 149 

trap, 50, 136 
Sap green, 169 
Satin papers, stains for^ 172 
Save-all, 143 
Sawdust, 10 
Scarlet lake, 171 
Schweinfurth green, 171 
Scoff em and Tidcombe's process for 

waterproof paper, 174 
^ea grass, 11 
Seaweeds, 178 
Second press-roll, 150 
Seconds rags, 20 
Seconds, whites, 20 



S 



2^8 



INDEX, 



Self-acting dry felt regulator, 186 
cleanffing strainer, 139 
Separating tank, 61 
^etting, 174 

Settling of the pulp, 131 
Sfax esparto, 47 
Shavings, paper, 58 

parchment, 171 

wood, 10, 55 
Shodd}-, 11 
bilk cocoon waste, 11 
Silver white, 173 
S inclair^s esparto boiler, 42, 43 

process, 58 
Single-cylinder machine, 152 * 
Single-sJieet cutter, 162 

web^winding machine, 188 
Sizal, or sisal hemp, 8 
Size, animal, preparation of, 122 

engine, French method of pre- 
paring, 120 

resin, 118 
Sizes of paper, 164 
Sizing, 115 

American method of, 123 

and finishing, 132 

machine, 126 

tub or animal, 122 

Mr. Wyatt's remarks on, 127 

zinc soaps in, l€l 
Skip, 153 
Small post, 164 
Smalts blue, 121, 165 
Smoothing presses, three-roll, 194 

rolls, 151, 152 
i^oap, Castile, 121 

cotton-seed oil, 121 

resin, 116 
Soaps, zinc, in sizing, 121 
Soda, anhydrous, 225 

ash, *31, 227 

calcined, 93 

carbonate, 31 

caustic, 31 

table showing the quan- 
tities of leys of different 
densities, 243 

dry, Balton's table, showing the 
proportion of, in leys of diffe- 
rent densities, 241 

hydrate of, 225 

hypochjorite of, 8 

hyposulphite of, 110 

ley, caustic, 31. 

recovery of, 104 



Soda, recovery of, American svstem of, 
218 

solutions, caustic, table showing 
strength of, 241 

sulphite of, 110 

thiosulphite of, 110, 233 
Sodas, commercial, examination of, 

221 
Sodium, chloride of, 95, 109 

hj'pochlorite of, 96 

thiosulphite of, 233 
Sorting rags, 19, 22 
Sour bleaching, 91 
Souring, 99 
Spanish annotta, 238 

esparto, 47 
Spent liquors, recovery of soda frotti, 
204 

liquors, 218 
Spiral fibres, 8 
Spruce, 60 
Stable manure, 11 
Staining power of ultramarines, 240 
Stains for Morocco papers, 171 

satin papers, 172 
Standard test-acid solution, 225 
Starch paste, 117 

Strainer and knotter, Bertrams' re- 
volving, 137 

self -cleansing, 139 
Stiainers, 57, 137 

Soeckner's pulp, 140 
Straw, 16 

i)oiling, 81 

buckwheat, 10 

fibres, 4 . 

wheat, 10 
Strength of paper, determination of 

240 
Strings, 20 
Strong linens, 20 
Stuff-chests, 57, 112, 136 

pump, 136 
Sturtevant blower, 60 
Suction boxes, 148 
Sulphate of alumina, 100 

aniline, 8 

copper, 146 

indigo, 232 

iron, 170 

lime, 100 

maghesia, 46 

zinc, 99, 119 
Sulphide processes, 77 
Sulphite fibre, 76 
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Sulphite fibre and resin, 76 

processes, 68 

pulp, 68 

of soda, 110 

wood pulp, 160 
Sulphur, 72, 225 
Sulphuric acid, 47, 91, 99 
anhydrous, L25 
Sulphurous acid, \lb 

gas, 55 
Supei>calendering, 157 

American, Mr. Wyatt on, 157 
Superfine white cotton, 20 . 
Supertines, white, 20 
Supply-box, 136 
Surface-sizing, 122 
Susa esparto, 47 

TABLE of boiling points of alkaline 
leys, 243 
French and English thermometer 

scales, 244 
French weights and measures, 

246 
showing proportion of dry soda 
in leys of. different densities, 
241 
showing the quantity of bleach- 
ing liquid to be used, 244 
showing the quantity of bleach 
liquor required to be added to 
weaker liquors, 244 
showing the quantity of caustic 
sodas in leys of different den- 
sities, 243 
showing the specific gravity cor- 
responding with the degrees of 
Baum^'s hydrometer, 242 
of strength of caustic soda solu- 
tions, 241 
of weights and measures of the 
metrical system, 245 
Tables and notes, 285 

sand, 149 
Tan waste, 10 
Tarpaulin, 11, 77 
Tarred hemp, 20 
■ rope, 20 
string, 20 
Tartar, salts of, 235 
Tea colour, 167 

Test acid, preparation of, 224, 225 
for chlorine, 110 
liquor, 232 
papers, 183 



Testing chloride of lime, 232 

ultramarines, 239 
Thermometer scales, comparative 

French and English, 244 
Thiosulphite of soda, 110 

sodium, 233 
Thirds, whites, 20 
Thompson's bleaching process, 97 
Three-roll smoothing process, 194 . 
Thune's process, 79 
Tiles, paper, 175 
Tin, citrate of, 169 

perchloride of, 236 
Tobacco stalks, 10 , 
Toned paper, 165 
Torrance's drainer, 39 
Toughening paper, 178 
Tracing paper, 179 
Tragacanth, gum, 168 
Transparent paper, 179 
Treatment of esparto, 40 

rags, 19, 29 

various fibres, 80 

wood, 63,-68 
Triethyl rose aniline, 98 
Tripoli esparto, 47 
Tub-sizing, 122 
Turmeric paper, 183 
Turkish minium, 170 
Turkey rags, 21 

red, 170 
Turpentine, oil of, 179 

Venice 179 
Twaddell's hydrometer, 238 

ULTBAMARINE, 121, 165 
artificial, preparation of, 238 
Ultramarines, staining power of, 240 

testing, 239 
Umpherston's beating-engine, 105 
Unbleached cottons, 20 

VACUUM pumps, 149 
Vanadate of ammonia, 72 

Various fibres, treatment of, 80 

"Varnished paper, 179 

Varrentrapp*s zinc bleach liquor, 100 

Vat for hand paper-making, 129 

Vegetable fibres, micrograpic examina- 
tion of, 5 

Vegetable fibres, recognition of, by 
tne microscope, 6 

Vegeto-mineral paper, 115 

Venetian red, 166 

Venice turpentine, 179 
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VerdU^ii, 169 

Vern/s paper-catting machine, 187 

ViDlet, 171 

dark, 172 

liglit, 171 
Vitriol, oil of, 57, 90, 106 
Voelter's process for preparing mecha- 

nicaU wood pulp, 7o 
Volametric assaying, 224 
Vulcanised india-rubber, 223 
Vulcanite, 148 

WASHING, American, 61 
boiled esparto, 49 
and breaking, 34 
engine, 37 
cylinder for rag-engine, 193 
Waste, cotton, 10 
cotton seed, 10 
flax, 10 
hemp, 10 
iute, 10 
linen, 10 

liquors, recovery of soda from, 204 
paper, 10, 85 

boiling, 86 

Ryan's process for, 87 
tan, 10 
Water-marked paper, 130 
Water-marking, 146 
Water-marks, De la Rue's improve- 
ments in, 147 
Waterproof composition for paper, 177 
paper, 174 

• for flooring, 177 
Jouglet's process, 177 
for roofing, 177 
Watt and Burgess's wood-paper process, 

55 
Watfs electrolytic bleaclpng process, 

94 
Wax, 6, 120 

soap, 169 
Web-glazing, 154 

calender, Bertrams', 196 
Web-ripping machine, 198. 
Weights and measures, French table 

of, 245 . . 

Weights and measures of the metrical 

system, 245 
Wet machines, 67 
White cellulose, 76 
copal, 179 
hemp, 20 
lead, 171 



White linens, 20 

Willow and duster, Bertrams', 25 

Masson, Scott, and Cc's, 40 
Willowing, 24 

esparto, 41 
Wilson's bleach liquor, 100 
Winding machine, single-web, 188 
Wood, acid treatment of, 64 

fibre, 53 

paper, Watfs patent for, 17 

pulp, American method of pre- 
paring, 60 

pulp, chemical, 54 
mechanical, 113 

shavings, 10, 55, 77 

pulp, sulphite, 160 . 

treatment of, 53, 68 

pulp, Voelter's mechanical pro- 
cess for preparing, 78 

waste, dyers', 10 
Woollen rags, 21 
Wrapping papers, 178 
Wright's proceas for preparing cupro- 

ammonium, 175 
Writing papers, 164 
Wyatt, Mr., on American refining en- 
gines, 103 

on American super-calendering, 

157 
Wyatt, Mr., on sizing, 127 

V YLOIDIN, 67 

YANKEE machine, 152 
Yaryan evaporator, 208 
Yellow chrome, 166 

gold envelope, 167 
lake, 238 
ochre, 165, 166 
pale, 172, 173 
pine fibre, 4 
Young's method of bleaching, 100 
Young and Pettigrew*8 process, ^ 
Young's process for cleaning esparto, 
50 

ZINC bleach liquor, 99 
chloride of, 99 
oxide of, 99, 100 
salts, 100 

soaps in sizing", 121 
sulphate of, 99, 119 
Zostera marina, 11 
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HuTTON, Civil and Mechanical Engineer, Author of "The Works' Manager's 
Hand-book for Engineers." &c. with upwards of 370 Illustrations. Second 
Edition, Revised with Additions. Medium 8vo, nearly 500 pp., price iSs. 
Strongly bound. [Just published. 



This work is designed as a companion to the Author's "Works* 
Manager's Hand-book.*' It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publica- 
tion, but collected by the author for his own use in the construction of a great variety 
of modern engineering work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of S70 Woodcuts; and comprises a qtiantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers 
and OTHER Engineering Work, 

*»♦ Opinions op the Press. 

" We have kept it at hand for several weeks, referrinif to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quesL" 
—Atfunteufn. 

" A thoroughly good practical handbook, which no engineer can go through without learning 
something that will be of service to him."— Afan'Mtf Engineer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
engineering." — Scotsman. 

" This valuable manual embodies the results and experience of the leading authorities oa 
mechanical engineering."— i7M»^m^ News. 

" The author has collected t(^ether a surprising quantity of rule« and practical data, and has 
shown much judgment in the selections he has made. . . . There Is no doubt that this Ixwk is 
one of the most useful of its kind published, and wiU be a very popular compendium."- £>i^Me«r. 

" A mass of information, set down in dmj^e language, and in such a form that it can be easfly 
referred to at any time. The matter is uniformly ^ooa and well chosen, and k greatly elucidated 
by the illustrations. The book will find its way on to most engineen' shelves, where it will rank as 
«ne of the most useftd books of reference."— /*m:ftai/ Engineer. 

" Fun of useful information, and should be found on the office shdf of all practical engjnaers." 
^Eutitsh Mechanic 



a CROSB Y L OCKO r oOD a. SON'S CATALOGUE. 

Handbook for Work*' Managers. 

THE WORKS' MANAGER'S HANDBOOK OF MODERN 
RULES, TABLES, AND DATA. For EogiDten, UUlwrigbU, wul Boilet 
Maken; Tool Uiken. MacbiDists. uid UeUl Worksn; Inin ud Bius 

Foonden, *o. B? W. S. Huttob, Civil and UechiDJcil Enpoeer, Anihor 
of "The Practical Engineei'i Handbook." Third Edilloo. carefull; RenKd, 
witD AdditioDt. Id Out bandtoinc VoL, medinin Svo, price 151. luonglj bound. 
(^ Tht A ullioT lutviitg CBmpaU RuUi and Data Jor kit omu m in a griat 
itcidtd to ^MuA lAm— rniuil iD 'ilatc—ittuTniig Ihal a praclical mcrk, suUid lo 

(Jt< DAILY KigUIUUENTS OT HODEKX ENQIHEEKS, WOUid bc faHBUrabl^ rCCtivid. 

U Third Edition, IlitfoUowva amimg otXtr addiluxH fuci bu» 1 
r tki P'Opartitmi d/ RtvHli jSinli in Soft Still Plata, ttii Raulls of Eipiri- 
!nti by FnorstsoK KsuHgov/ffrtluIiMiliUianc/UcclunKal EHrintirs—gula 
rthi Praf^ioHi OJTurbiHa^Rula Jar Ikl Strln^h of HoUew Slmjli ol Whit- 




The Modernised "Tetnpleton." 

THE PRACTICAL MECHANICS WORKSHOP COM- 
PA NIOK. Comjirlaing 1 ireal yiAttj Of Ihe m«l UHfol Rules aad FormDlB 
In Mechanical Science, with numeroni Tablei of Pncli«) Data and Calcn- 
laled Renlta for FadliUling Mechanical Operalioni. Br Williau Tihpli- 
TOii, ADIhot of "The EBgineer'a Practical Astijiant," ftc. St Fiftccolh 

Bdilion, Reviaed, Uoderniied, and contiderablr Enlarged by Wal " 

Button, C,E., Anihoc of "The Works' Manager's Handbook," 



■ Dlagri 



-o,_neai-li_jM_pg„ vrith Eisht 



or TauPLiTOH'a " Uickahic-b Wobi»hop COHPAnion" »4J ftrm/or mora 
ihtitidauantTefaci<iturydi,trstdl3PBfidar,a>ul, oi aricogniud Tixt-koekand 
mitl-»Br» Olid tliumb-markid vada mecum o/ mcral gnuratiora of itiliHigml 
and eipiring iMrtfiu*, <l luu had Iki npiiUitieH of hamng bitn tht muni o/raiiMg 
HHOKy of (frcM in thtir potHvm in lift. 

In eonstquinci 0/ the laptl of limi linci tht AMhor't dialh, and tht gnat 
admnca in iatchanical Scitnci. iki Publiihirl haei thought it advisable to kact it 

Itnprontd form, Ihiy an sun thai it will commtnd ilJlf to tScEnelish woAmtn oj 
the prismlday aU Ihi itsrU oftr. and baomi, liki ilt fridaauiri, thtir Hidisttni- 
obit fritnd and nfert- 
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Stane-warking Machinery. 

STONE-WORKING MACHINERY, and the Rapid and Economu 
col Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Balb, M.I.M.E., A.M.I.C.E. With nmnerons 
Illustrations. Large crown 8vo, 95. cloth. 

"The book should be in the hands of every mason or student of stone-work."— Ct/HSery 
Guardian. 

" It is in every sense of the word a standard work upon a subject which the author is fuUy 
competent to deal exhaustively yvith."—Bui/eUr*s H^eeUy Reporter. 

'' A capital handbook for all who manipulate stone for ouildiaff or ornamental purposes.' — 
Mathinery Marktt, 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art 0/ Turning. By Paux. N. Hasluck. 

Third Edition, Revised and Enlarged. Crown 8vo, 5s. cloth. 

" Written by a man who knows, not only how work oug^ht to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To all turners this book would be valuable. 
— Engintering: 

" We can safely recommend the work to youns; engineers. To the amateur it will simply be 
Invaluable. To the student it will convey a great deal of useful information"— £fiigi»eer. 

"A compact, succinct, and handy giiide to lathe-work did not exist in our language nntil Mr. 
Haslud^ by the publication of this treatise, gave the turner a true vade-mecum,"— Jlcuse Decorator 

Screw-Cutting, 

SCREW THREADS : And Methods of Producing Them. With 

Numerous Tables, and complete directions for using Screw-Cutting Lathes. 

By Paul N. Hasluck, Author of " Lathe- Work," « The Metal Turner's 

Handybook,'* &c. Waistcoat-pocket size, price is. lyust published. 

" Fun of useful information, hints and practical criticism. Taps, dies and sc ewing-tools gene- 
••• • • ibed."-i 



rally are illustrated and their action described."— Af<«-Aa»toi/ IVorid. 
" It is a complete compendium of all the details of the screw-cutti 
in parvo on all the subjects it treats upon."— Ca;^n/!rr and Builder. 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT, A collection of Useful Tables, Rules and Data. 
By William Tbmplbton. Seventh Edition, with Additions. i8mo, zs, 6d, 
cloth. 



" Templeton's handbook occupies a foremost place among books of this kind. A more^suitable 
present to an apprendce to any of the mechanical trades could 

New*. 



present to an apprendce to any of the mechanical trades could not possibly be xtuido."-^Buildttig 



" A deservedly appreciated work, which should be In the ' drawer ' of every mechanic."— 
English Mechanic. 

Iran and SteeL 

" IRON AND STEEL ** : A Work for the Forge, Foundry, Factory, 
and OJS^ce, Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-takers ; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills: Iron and Metal Founders; Iron Ship and Bridge BaUders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Contractors. 
Builders, and Professional Draughtsmen. By Charlbs Hoarb, Author ot 
" The Slide Rule," &c. Eighth Edition, Revised throughout and considerably 
Enlarged. With folding Scales of "Foreign Measures compared with the 
Bnglisn Foot,*' and " Fixed Scales of Squares, Cubes, and Roots, Areas 
Decimal Equivalents," &c. Oblong samo, leather, elastic band, 6s. 

" For comprehensiveness the book has not its equaL"— /r0»i. 

*'One of the best of the pocket books, and a usefid companion la odier braadies of wofk lliaa 
Iron and A<e^"— English Mechanic. 

" We cordially recommend thb book to those engaged in oonddering the detaili of all kinds of 
iron and steel worn,"— Mmval Science, 

High'JPressure Steam Engines. 

THE HIGH-PRESSURE STEAM-ENGINE : An Exposition 
of its Comparative Merits and an E»ay towards an Improved Sly^em of donstme- 
turn. By Dr. Ernst Alban. Translated from the German, with NotM^ bj 
Dr. PoLB, M. Inst. C.E., &c. With 38 Plates. Syo, 16s, 6d, cloth. 

" Goes tboroi^hly faito the examinadon of the high-pressure engine, the boiler, and its ^>peml> 
ages and deserres a place in every scientific Ubrary.'^-^ifraM SAiPfing CArcnicle, 
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Engineering Constrtiction, 

PATTERN-MAKING : A Practical Treatise, embracing the Main 
Types ot Engineering Construction, and inclading Gearing, both Hand and 
Machine made, Enione Work, Sheaves and PulleTS, Pipes and Columns, 
Screws, Machine Parts, Piunps and Cocks, the Monldins of Patterns in 
Loam and Greensand, &c., together with the methods ot Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By a Fokbmak Pattern Makbk. With upwards of Three 
Hundred and Seventy Illustrations. Crown 8vo, 7s. 6d. cloth. 
" A weQ-wrltten technicml guide, evidently written by a man who undentaads and has prac- 



«^ w^BS' vv • aft^vas w^*aaaaav^a ^•••«««>| viva^A^aa&a^ waia^vaa m^w ^ aai^aa waa^ aaaaxj^ta jm^ ■ a^ ■ ^Ma^a aa^ia p^aavw— 

tlwd what he has written abouL we cordially recommend it to engineering students,_ youi^ 

ed' ■ 

he 

^ H 

' More than 370 ihistradons help to explain the text, which is, however, ahray* clear and ex 



Journeymen, and others desirous of being initiated into the mysteries of pattern-making."— ^Mi/USrr. 

" Likely to prove a welcome guide to many workmen, especially to draughtsmen who have 

lacked a training fai the shop^ pupus pursuine their practical studies m our Ijurtari**. ami to «m. 

plojrers and managers in engineeriqg works. —//ar«iMir< TmJ* yaunuU, 



pHdt. thus rendering the work an exceDent vad* mtcum for the apprentice wiio desires to become 
master of his trade.'^£ftf/if A Mtckmnie, 

JDictionary of Mechanical Engineering Terms. 

LOCK WOOD* S DICTIONARY OF TERMS USED IN THE 
PR A CTICE OF MECHA NIC A L ENGINEERING, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting. Turning, Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
A FoRBMAN Pattbrn-Maker, Author of "Pattern Making." Crown 8vo, 
75. 6d. cloth. IJ^^^ published. 

** Juiit the sort of handy dictionary required by the various trades engagedin mechanical en- 
glneering. The practical engineerinfr Pupil will find the book of great value in his studies, and 
every foreman engineer and mechanic should have a com ."^BuitSinjt News. 



every foreman engineer and mechanic should have a copy."^But'Uifijp . 
" After a careiul examination of the book, and trying all manner of 
ineer will here find ail he is likely to require. It will be largely used.' 
" This admirable dictionary, although primarily intended for tne use of draughtsmen and other 



" After a careTul examination of the book, and trying all manner of words, we think that the 

igh primarily intei 
larger 
in many libraries." — Giasgtw Heraid, 



engineer will here find all he is likely to require. It will be largely used." — PrmcNcal Engineer. 
" This admirable dictionary, although primarily intended for tne use of draughtsmen and othi 
technical craft<roen, is of much larger value as a book of reference, and will find a ready welcome 



Smith's Tables far Mechanics, etc, 

TABLES, MEMORANDA, AND CALCULATED RF.SULIS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fourth Edition, Revised and En- 
larged. 250 pp., waistcoat-pocket size, 15. 6^. limp leather. [Just published. 
"It would, perhaps; be as difficult to make a small pocket-book selection of notes and formulae 
to suit ALL en^neers as it vrould t>e to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt."— fn^'nMr. 

"The best example we have ever seen of 250 pages of useful matter packed into the dimcn 
sions of a caxA-cmso.'— Building News. 

"A veritable pocket treasury of knowledge.' —Iron, 

Steam Boilers, 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
strucHon, and Economical Working, By Robert Wilaom, C.E. Fifth Edition. 
i2mo, 6s. cloth. 

" The t>est treatise that has ever been published on steam boDers."— J?«vi>iMr. 
"The author shows himself perfect master of his subject, and we heartily recoounend all em- 
ph>ying steam power to possess themselves of the wotk."—Jial»fd's Iron Trude Circular. 

Boiler Chimneys, 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability. With a Chapter on Lightning Conductors. By Robert 
Wilson, A.I.C.E., Author of "A Treatise on Steam BoUers," &c. Second 
Edition. Crown 8vo, 3s. 6d. cloth. [Just published, 

Boiier Making. 

THE BOILER^MAKER'S READY RECKONER, With Ex- 
amples of Practical Geometry and Templating, for the Use of Platers, 
Smiths and Riveters. Br John Courtney, Edited by D. K. Clark, M.I.CB. 
Second Edition. Revised, with Additions, iimo, 5s. half-bound. 
" A most useful work. .... No workman or apprentice should be without this book.**^ 
Iron Trade Circular. 

" A reliable guide to die wmldng boiler-maker."— /rwc 

" Boiler-makers win readily recognise the value of diis vofaime. . . . The tables are cleatly 
printed, and so arranged that tiiey can be referred to with the greatest fiudlity, so that it cannot tie 
doubted that they will be generalqr appreciated and much used."— JtfifmCv jittmml. 
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Steam Engine^ 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Engines. By T. M. Goodbye, M.A., Barrister-at*Law, 
Author of "The Elements of Mechanism," &c. Tenth Edition. With 
numerous Illustrations. Crown 8vo, 6s. cloth. 

"Professor Goodeve has giv«^ us a treatise on the steam engine which wiO bear comparison 
with anything written by Huxley or Maxwell, and we can award it no higher pnise."—£fvw€€r. 
" Professor Goodeve's book is ably and clearly written. It is a sound work." — Atfunaum. 

** Mr. Goodeve's text-book is a work of which every young engineer should possess himselt.'' 
^Minitig yournal. 

' ' Essentially practical in its aims. The manner of exposition leaves nothing to be desired."— 
Scotsman. 

" A valuable vade mecum. for the student of engineering and should be in the possession of 
every scientific teadtx"—CoUitry Guardian, 

Gas Engines. 

ON GAS-ENGINES. Being a Reprint, with some Additions, of 

the Supplement to the Text-book on the Steam Engine, by T. M. GoodevBi 

M.A. Crown 8vo, 2s. 6d. cloth. 

" Like an Mr. Goodeve's writings, the present is no exception in point of general excellence 
It is a valuable little volume.'— Afe^tanicaf World. 

" Thi« little book will be useful to those who desire to understand how the gas-engine works." 
—Eng^iish Median. c 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-users. By an Engineer. Sixth Edition. Sewed, 6d. 

" If steam-users would but learn this little book by heart boiler explosions would become 
sensations by their rarity."— 2f«^/£rA Mechanic. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, or 
Engineers and Steam-users. By Nelson Foley, Author of '* Boiler Con- 
struction." Pocket-size, 3s. 6d. cloth ; 45. leather. 

" This is a very useful book, containing veiy useful tables. The results given are well chosen* 
and the volume contains evidence that the author really undemauds his subject. We can recom- 
mend the work with pleasure."— A/ircAa;i(Va/ IVortd. 

" These tables are designed to meet the requirements efevery-day use ; they are of sufficient 
scope for most practical purposes, and may be commended to engineerb and users of steam."— 
Iron. 

" This pocket-book well merits the attention of the practical engineer. Mr. Foley has com- 
piled a very useful set of tables, the information contained in which is frequently required by 
engineers, coal conswners and users of steam." — Iron and Coal Trades Review. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES, With 
a History of Fire-Engines, their Construction, Use, and Management : Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systenri^ ; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Young, C.£. With 
numerous Illustrations, 544 pp., demy 8vo, £1 4s. cloth. 

" To such of our readers as are uiterested in the subject of fires and fire apparatus, we can most 
heartily commend this book. It is really the only English work we now have upon the subject."— 
£n£ineeHn£: 

" It displays much evidence of careftil research ; and Mr. Young has put his fkcts needy 
t<^fether. It is evident enough that his acquaintance with the practical details of the construction of 
steam fire engines, old and new, and tlie conditions with whicn it is necessary they should comply, 
is accurate and fuU." — Engineer. 

Qas Lighting. 

COMMON SENSE FOR GAS-USERS: A Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, A rchitects. Engineers, etc. 
By Robert Wilson, C.E., Author of "A Treatise on Steam Boilers." 
Second Edition, with Folding Plates and Wood Engravings. Crown 8vo, 
price 15. in wrapper. 

" All eas-users wiU decidedly benefit, both In pocket and comfort; if they wiD avail themselves 
«f Mr. Wuson's oomtsi^is.''— Engineering. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 
("Tmb Bnoins Duvsk*8 Fkxbmd"). 

Locofnotive'Engine Thriving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual for 




Eighth Edition. Including 

trations and Portrait of Author. Crown 8vo. 4s. 6d. cloth. 

"Mr. Rejmokli hu supplied a want, and has supplied it weD. We can confidently recommend 
Mm book, not only to the practical driver, bat to eveiyoiM who tskas aa Interest in the performaaoe 
of locomotive engines."— TVk^ Eneinter. 

** Mr. Reynolds has opened a new chapter In the Uteratme of the day. This admirable practical 
treatise, of the practical utility of which we have to qieak In terms of warm commendatioa.''— 

*' Evidently the work of one who knows his subject thoroughly."— Xatlway Strvtte GmMette. 
" Were the cautions and rules given in the book to become part of the every-day worklag of 
our angina driyar» w« nuisht hava lawer distressing accidents to dqiiora. "— %SagitowMi«. 



Staiionary Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Eneifutn in charge 0/ Stationary Engines. By Michael Reynolds. Third 
Edition, Enlargeo. With Plates and Woodcuts. Crown 8vo, 45. 6d. cloth. 
*'The author b thoroughly acquainted with Ms subjects; and his advice on the various points 

treated b clear uid practicaL # . . He has produced a manual which is an excaedingij useful 

ona for the dass for whom it b specially in.teaded.''^BnginMritif. 

** Our author leaves no stone unturned. He b determined that hb readers shall not only know 

somethiag about the sutionary engine, but aU about it,"— St$tituer. 

"An engineman who has mastered the contents of Mr. Reynolds's bookwfll require but litde actual 

experience with boilers and engines before he can be trusted to look after them."— £>v/uA Mechanic 

The Engineer, Fireman, and Engine^Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth. 
"From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcibly than anything written by Dr. Smiles. . . . The volume contains information of a tech- 
nioal kind, and facts that every driver should be fiuniliar wlXh."—EHg-Iisk Mechanic. 

*' We should be glad to see thb book in the possession of everyone in the kingdom who hat 
•v«r bid, or b to lay, hands on a tocomotive engine."— /tmi. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds* Large crown 8vo, 9s. cloth. 
" A popubr explanation of the different brakes. It will be of great assistance in forming public 

opinion, and will be studied with benefit by those who take an mterest in the haki6.''—in£tisM 

Mechanic 

"Written with suffident technical detail to enable the prindple and rebtive connection of the 

various parts of each particular brake to be readily gtts^fta."— Mechanical World. 

Engine'jyriving lAfe. 

ENGINE'DRIVING LIFE; or. SHrring Adventures and Inci- 
dents in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. 
Ninth Thousand. Crown 8vo. 2S. cloth. 

"From first tolast is perfectly fascinating. Wilkle Colllns's most thrilling conceptions are thrown 
Into the shade by true incidents, endless hi their variety, rebted in every ptM."— North BritishMaiL 

"Anyone who wishes to get a real ins^ht into railway life cannot do better than read ' Engine- 



Delving Lifs ' for himself ; and if he once take it up he will find that the author's enthusiasm and real 
ove ofthe eogine-drtving professionwiU carry him on till he has read every page."->NSa/iir<£i(y Review. 

Pocket Companion for Enginenien* 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty^five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Royal i8mo, 45. 6d,, 
strongly bound for pocket wear. Ijust published, 

"Thb admirable work b well suited to accomplbh its object, being the honest workmanship of 
a competent engineer." — dasg^cw Herald. 

" A most meritorious work, giving in a succinct and practical form all the information an engine- 
flthider desirous of mastering the scientific principles or Ms daily calling would require."— ilfiMrr. 

" A boon to those who are striving to become efficient mechanics. "aiii^at'/y Chronicle. 



CIVIL ENGINEERING. SURVEYING, tic. 7 

French-Engliah Qlosaarjf for Engineers, etc. 

A POCKET GLOSSARY of TECHN ICAL TERMS : ENGLISH- 
FRENCH. FRENCH-ENGLISH : wilh Tables isilable for IheArchilectoral, 

Fi.BTCHKR,Bngiiieot »nd Surveyor ; aoo pp. Waistcoat-poctal jiie, ii. M., 
limp laBtber. 



Portable Engines, 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEUENT. A Pracliesl Manual for Owners and Usei " " 




CITXL EHOIHg ERIMQ, SUR VEYINQ, etc. 
MR. HUMBER'S IMPORTANT ENGINEERINg BOOKS. 
The Water Supply of Cities and Touma, 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. By Willhu Huubbr, A-M. Insl. C.E., and 
M. Inst. U.G., Author of "Cast and Wrougfat Iron Bridge Conslmclioo," 
Ac. to. lUuslraled with jo Doubla Plates, i Single Plalo, Coloured 
Pronllapiece, and upwardi of 250 Wnodciils, aod containinE 400 pagei oE 
Teit. Imp. 4to, £6 61. eleKUiUy and Bubstantially haltbound in moiocco. 
a/ CentenH. 






2X^ 






Cast and Wrought Iron Bridge Construction, 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
ASD WROUGHT IRON BRIDGE CONSTRUCTION, including Inm 
Foundations. In Ttaree Parts— Theoretical, Praclical, and Descriptive. Bt 
WiLUtu HuuBis, A-M. Insl. C.E., and M. Inst M.B. Third Edition, Re- 
TJsed and much improved, with 115 Double Plates (ao of which now first 
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MR. HU USER'S QHEAT WORK ON MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, price fit xas., halfmorocca Each 

Volume sold separately as follows :— 

A RECORD OF THE PROGRESS OF MODERN ENGINEER- 
iNG, First Sbribs. Comprising Civil, Mechanical, Marine, HTdraniic» 
Railway. Bridge, and other Engineering Works, Ac. By William Humbkk, 
A-M. Inst. C.E., Ac. Imp. 4to, with 36 Double Plates, drawn to a large scale. 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., Ac., and copioos 
descriptive Letterpress, Specifications, &c., £3 3s. half-morocco. 

List of the Plata and Diagrams. 

ThaiBes, West London Extenrion RaOwmr (s 
pfaUos); Annotur Plates: Suspenskxi Brideer 
Thames (4 plates) ; The AUea Encine ; Sd9- 
pensioo Bridge. Avon (3 plates); Uadeq^nMind 
Railway (3 plates). 



Vktotla Station and Roof, L. B. & S. C. R. 

SI plates); Southport Pier (• plates); Victoria 
tation and Roof, L. C. & D. and C. W. R. (6 
nlates) ; Roof of Crcmorne Music Hall ; Bridffe 
over G. N. Railway ; Roof of Station, Dutch 
Rhenish Kail (a plates); Bridge orer the 



I 



" Handsomely lithogiaphcd and printed. It will And ikvoar with many who derire to ' 
la a permanent form copies of the plans and specifications prepared for the guidaaoe of 'the con- 
tractors for many important engineering works. —ffvwMcr. 

HUMBERTS RECORD OF MODERN ENGINEERING. Second 
Sbribs. Imp. 4to, with 36 Doable Plates, Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress. 
Specifications, &c., £3 3s. half-morocco. 

Li^ of the Plates and Diagrams. 



Birkenhead Docks, Low Water Basb (15 
|dates); Charing Cross Station Roof. C. C. 
Railway (3 plates); DieswcU Viaduct, Great 
Northern Railway ; Robbery Wood Viaduct, 
Great Northern Railway; Iron Permanent 
Way; Clydach Viaduct. Merthyr. Tred^ar, 



and Abetsavenny Railway; Ebbw Vladnc^ 
Merthyr, Tredegar, and AheinTenny Rail- 
way ; CoDcm Wood Viaduct, Cornwall Rail- 
way ; Dubhn Winter Palace Roof (3 plates) ; 
Bridge over the Thames, L. C. & D. Railway 
(6 plates) ; Albert Harbour. Greenock (4 phites). 



" Mr. Humber has done the profession good and true service, by the fine collection of examples 
he has here brought before the profession and the public"— /'ra«^uw/ Mechanic's youmal. 

NUMBER'S RECORD OF MODERN ENGINEERING. Third 
Sbribs. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. 
M'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci< 
fications, &c., £1 35. half-morocco. 

Ltst of the Plates and Diagrams. 

Main Drainagb, Mbtropolis.— A'^rf* 
5U^.— Map showing Interception of Sewers ; 
Middle Level Sewer (3 plates) ; OutfaU Sewer. 
Bridge over River Lea (3 plates) ; OutfaU Sewer. 
Bridge over Marsh Lane, North Woolwich 
Railway, and Bow and Barking Railway Junc- 
tion; Outfall Sewer, Bridge over Bow and 
Barking Railway (3 plates); Outfall Sewer. 
Bridge over East Lonaon Waterworks' Feeder 
(a plates) ; Outfall Sewer, Reservoir (a plates) ; 
Outfall Sewer, Tumbling Bay and Outlet : Out- 
fall Sewer, Penstocks. South Side.—OuxSaXL 
Sewer, Bennondsey Branch (a plates) ; Outfiill 

" The drawings have a constantly increasing value, and whoever dedres to possess dear repre- 
sentations of the two great worlcs carried out by our Metropolitan Board will obtain Mr. Humber's 
volume." — Engifutr. 

HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Sbribs. Imp. 4to, with 36 Double Plates, Photoppraphic Portrait of John 
Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams. 

Abbey Mills Pumping Station, Main Drain 



Sewer. Reservoir and Outlet (4 plates) ; Outfall 
Sewer, Filth Hoist ; Sectk>ns of Sewers (North 
and South Sides). 

THAMES Embankubnt.— Section of Rivet 
Wall \ Steamboat Pier, Westminster (a plates), 
Landmg Stairs between Charing Cross and 
Waterloo Bridges ; York Gate (a plates) ; Over* 
ik)w and Outlet at Savoy Street Sewer (3 plates) ; 
Steamboat Pier, Waterioo Bridge (3 plates) ; 
Junction of Sewers. Plans and Sections: 
Gullies, Plans and Sections; RoUing Stock; 
Granite and Iron Forts. 



Metropolis (4 plates) ; 
plates) ; Manquis Vu 



Barrow Docks (5 
VaJ- 



laduct. Santiago and 
paraisb Railway (a plates) ; Adam's Locomo- 
tive, St. Helen's Canal Railway (a plates) ; 
Cannon Street Station Roof, Channg Cross 
Railway (3 plates) ; Road Bridge over the River 
Moka (a plates); Telegraphic Apparatus for 






Mesopotamia; Viaduct over the River Wye, 
Midland Railway (^ plates) ; St. Germans Via. 
duct, Cornwall Railway (a plates); Wrought- 
Iron Cylinder for Diving Bell ; Millwall Docks 
(6 plates); Milroy's Patent Excavator; Metro- 

Politan District Railway (6 plates); Harbouts, 
orts, and Breakwaters (3 plates). 



** We gladly welcome another year's issue of this valuable publication from the able pen of 
Mr. Humber. The accuracy and general excellence of this work are well known, while its usefb). 
ncss in giving the measurements and details ot some of the latest examples of engineering, as 
carried out by the most eminent men in the profession, cannot be too highly prized."— ^»fi.ra». 
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MR, HUMBER'8 ENGINEERING BOOKS— continued. 
Strains^ Calculation of, 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS ANDSIMILARSTRUCTURES.AND THEIR STRENGTH, 
Consisting of FormulaB and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William Humber, A>M. Inst. C.E., &c. 
Fourth Edition. Crown 8vo, nearly 100 Woodcuts and 3 Plates, 7s. 6d, cloth. 

" The fonnulae are neatly expressed, and the diacrams gooAJ'-^AtAenaum. 

" We heartity commend this re?lly han4y book to our engineer and architect readers."— ^Mtf* 
lish Mtchanic 

JBarUyw^s Strengthof Materials, enlarged byHumber 

A TREATISE ON THE STRENGTH OF MATERIALS: 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Petbr Barlow. F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldy; and 
Formulas for Calculating Girders, &c. Arranged and Edited by W. Huif bsr» 
A-M. Inst. C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous 
Woodcuts, i8s. cloth. 

" Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in 
foture, as it has hitherto done, as the standard treatise on that particttlar subject."— Bngitt^tr, 

" There is no ereater authority than Barlow."— ^k^^iit^ News. 

"Deserves a foremost place on the bookshelves of every civil engineer."— ffff/uA Mechanic, 



Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c,, with 
Useful Problems, Formulas, and Tables. By Lieut.-General Fromb, R.E. 
Fourth Edition, Revised and partly Re- written by Major General Sir Charlbs 
Warren, G.C.M.G., R.E. With 19 Plates and 115 Woodcuts, royal 8vo, i6s. 
cloth. 

" The simple fitct that a fourth edition has been called for is the best testimony to its merits. 
No words of praise from us can strengthen the [>osition so well and so steadily maintamed by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were ne c essa r y 
to bring every portion of the contents up to the present daXit,"— Broad Arrow. 

Oblique Bridges* 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diaprams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal 8vo, 12s. 
cloth. 

" The standard text-book for all engineers r^^rding skew arches Is Mr. Buck's treatise, and it 
would be impossible to consult a better. —£»£ineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi- 
tect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— ^MaA^tV^ News. 

Bridge Construction. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MA SONR Y, TIMBER, A ND IRON. Consisting of 46 Plates from 
the Contract Drawings or Admeasurement of Select Works. By W. D. 
Haskoll C.E. Second Edition, with the addition of 554 Estimates, and the 
Practice of Setting out Works. Illustrated with 6 pages of Diagrams. Imp<. 
4to, £2 1 25. 6d. hali-morocco. 

" A work of the present nature by a man of Mr. Haskoll's experience must prove invaluable. 
The Ubles of estimates will considerably enhance its value. '—EngineeriMsr. 

Earthwork* 

EARTHWORK TABLES, Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. Crowa 
8vo, 55. cloth. 

" The way in which accuracy Is attained, by a dmple division of each cross section Into Hmm 
•laments, two in which are constant and one variable. Is ingenious."— ^M^mrwm. 
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8tatic9f Oraphie and Analytic. 

GRAPHIC AND ANALYTIC STATICS,in iMr Practical AppiU 
cation to the Treatment of Stresui in Roofs, Solid Girders, Lattice, Bowstring 
and Suspension Bridges, Braced Iron A rches and Piers, and other Frameworks. 
Bv R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class-worK in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, i6s. cloth. 
" Mr. Cfaliam's book win And a place wlier«r«rfTSpblc •aduulyticitatlcsareiisedor tfndied." 

^'Enfimstr. 

•* This exhanitlT* trMliM b adoUrtbhr sdaplod fbr tho architect and eagiiicer. and will tend 

towoaa the ptofawion fron a ladiotti aad laboiirad mod* of cakul a tto i i " —BttOdiiv News. 

"The work te aiccelleot from a practical poliit of view, aad haa evMeadjr boon prepared with 

much care. The directloaa for worUng are ample, and are iUuttiated tqr an abundance of wdl- 

•elected examples. It is an eaoeBent text-book for the practicai draqgrnsaMn."— ^M«fMrMff*. 

Survey Practice. 

AID TO SURVEY PRACTICE, for R$fmnc$ in Surveying, Levels 
line. Setting-out and in Route Surveys of Travellers by Land and Sea, With 
Tables, Illustrations, and Records. By Lowis D'A. Jacksom, A.M.I.C.B., 
Author of** Hydraulic Manual," *' Modem Metrology/' ftc Large crown 8to, 
Z2i. 6d. doth. 

**Mr. Jackaon has produced a vahiable vatle-meeum for die surveror. We can reconunend 
this book as ^:iTn^stft»"g an admirable supplement to the teaching of die accomplished surveyor." — 

** As a text-book we should advise all surveyots to place h In their libraries, and study well the 
matured instructions afforded in its pages."— CoZ/trrx Guartlian. 

** The author brings to his work a fortunate union of theory and pracdc^l experience which, 
aided by a clear aad ludd style of writing, renders the book a very useful one."— ^M^Mrr. 

Surveying, Land and Marine. 

LAND AND MARINE 5C;i?F£y/NG, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns* Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. Davis Haskoll, C.E., Author of " Bridge and Viaduct 
Construction," oc. Second Edition, Revised, with Additions. Large crown 
8vo, 9S. doth. 

" A most useful and well arranged book for the aid of a student We can strongly recommend 
it as a carefully written and valuable text-book. It enjoys a well-deserved repute among surveyors." 
—ButM*r. 

" This volume cannot fail to prove of the utmost practical utility. It may be saf<dy recommended 
to all students who aspire to become clean and expert surveyors."— JlftMtn^ yeurnal. 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads ; with Mr. Telford's Rales for the 
same. By Frederick W. Siums, F.G.S., M. Inst. C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwine's Field Practice of Laymg-out Circular Curves, with 7 Plates 
and numerous Woodcuts, 8vo, 85. 6d, cloth. *«* Trautwine on Curves 
may be had separate, 5s. 

" The text-book on levetling in most of our engineering schools and collegn."— ^M^^fMrr. 
" The publishers have rendered a substantial service to the profession, especially to the younger 
members, oy bringing out the present edition of Mr. Shnms's useftd woxk."—£ng*tu€riH£^. 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting- 
out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork oi Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M. Inst C.E. Third Edition, Revised and Extended by D. Kin near Clark, 
M. Inst. C.E. Imperial 8vo, with 2Z Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

" The estimation in which Mr. Simms's book has been hdd for over thirty years cannot be more 
truly expressed than in the words of the late Prof. Rankine : — ' The best source of information 
on the subject of tunnels is Mr. F. W. Simms's work on Practical Tunnelling.' "—Architect, 

"Mr. Clark has added immensely to the value of the book."— fw^Hrrr. 

** The additional chapters by Mr. Clark, containing as they do numerous eaunples of modem 
practice, bring the book well up to date. '-^Enginuring. 
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Heat, Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Kbily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 35. 6d. cloth. [Just published. 

Summary of Contents. 



Section I. Formulas and Data. 
Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV. Complex Frames ; and 

Plates. 
Section V. Thermal CoNDUcTnriTY. 



Section VI. Mechanical Force of 

Heat. 
Section VII. Work of Expansion 

AND Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



" The aim the author has set before him. viz., to show the effects of heat upon metalUc and 
other structures, is a laudable one, for this is a branch of physics upon which the ens^ineer or archi- 
tect can find but little reliable and comprehensive data in hooks."— Builder. 

" Whoever is concerned to know the effect of changes of temperature on such structures as 
suspension bridg^es and the like, could not do better than consult Mr. Kelly's valuable and handy 
exposition of the seometxical principles involved in these changes. "—Scv/^Mtan. 

Practical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law. C.E. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor ox Mathematics, Belfast College. 
With 13 Plates, 8vo, £1 is., cloth. 

" The eoffineer or architect will here find ready to his hand niles for solvinsr nearly every mathe- 
matical difficiuty that may arise in his practice. The rules are in all cases explained by means of 
examples, in which every step of the process is clearly worked xmt."-~BHilder. 

" One of the most serviceable books for practical mechanics. . . . It is an instructive book 
for the student, and a text-book for him who, having^ once mastered the subjects it treats of, needs 
occasionally to refresh his memory upon them."— .^MsA^iwi/r N€ws, 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULM 
for finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulao, Tables, and Greneral Information on Rainfall. 
Catchment- Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I.A. Third Edition, care- 
fully revised, with considersible Additions. Numerous Illustrations. Crown 
8vo, 145. cloth. 

" It is, of all English books on the subject, the one nearest to completeness. . . . From the 
good arrangement of the matter, the clear explanations, and abundance of formulae, the carefuDy 
calculated tables, and, above all, the thorough acquaintance with both theory and constructtOB* 
which is displayed from first to last, the book will be found to be an acquisition. —^reAAcA 

Miver Engineering. 

RIVER BARS : The Causes of their FortnatUm, and their Treatment 
by "Iftduced Tidal Sc<yur." With a Description of the Successful Reduction 
by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. to the 
Dublin Port and Docks Board. Royal 8vo, ys. 6d. cloth. 

" V^e recommend all interested in harbour works— and, indeed, those concerned in the Improvo* 
ments of rivers generally— to read Mr. Mann's interesting wotk-.'Snginter. 

" A most viuuable contributioa to the history of this branch of engineering."— £M/iN«eHiN;f' 
and Mining yoMmaU 

Hydraulics. 

HYDRA ULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of ** Aid to Survey Practice," 
** Modern Metrology,'* &c. Fourth Edition. Rewritten and Enlarged. 
Large crown 8vo, x6s. cloth. 

" The author has been a careful observer of the facts which have come under his notice, as 
well as a painstaking collector and critic of the results of the experiments of others, and from the 
great mass of material at kis command he has constructed a manual which may be accepted as a 
trustworthy guide to this branch of the engineer's profession." — Hni^neerin^. 

" The standard work in this department of mechanics. The prevent edition has been brought 
abreast of the most recent practice."— %Sc«/xmaM. 

" The most useful feature of this work b its freedom from what b superannuated, and its 
ihoroiqiii adoption of recent experiments i the text ta^ in ftct^ in great pact a short account of the 
great modem experiments."— ivoAfrc. 
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J>rainage* 

OS THE DRAINAGE OF LANDS, TOWNS AND BUILD- 
JNGS, Bt G. D. Dsmpsby, C.B., Aathor of **Tha Practical Railway En- 
gineer,** oc. Revised, with large Additions on Rbcbnt Practice is« 
Drainage Emciksbrimo, bj D. Kinnbar Clark, M.Inst. C.E. Aatbor of 
**TramwaT8 : their Constraction and Working," ** A Manual of Rules, Tables, 
and Data for Mechanical Engineers," &c. &c. Crown 8vo, 7s. 6d. cloth. 

[Just Published. 

" The new matter added to Mr. Dempsey's excellent wocic is characterised by the comprehen- 

rive grasp and accuracy of detail for wliich toe name of Mr. D. K. Clark is a siimdmt Toadter." — 

** As a worit on recent practice hi drainage engineering, the book is to be commended to all 
who are making tliat branch of engineering science tlieir q>ecial study."— /r<m. 

* A comprehensive manual on drainage engineering, and a useful introductioo to the student.* 
BttiUiMg Nrmt. 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock : and ample DeUils oi Cost and Working Expenses : the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnbar Clark, 
M. Inst. C.E. With over aoo Wood Engravings, and 13 Folding Plates. Two 
Vols., large crown 8vo, 30s. cloth. 
" An interested in tramways must refer to It, as all railway engfaieen have turned to the author's 

work * Railway Madiinery.'" — Engimter. 

** An exhaustive and practical work on tramways, in which the history of this kind of focooo- 

tkm, and a description and cost of the various moacs of laying tramways, are to be found."— 

Building News. 

**The best form of raDs, the best mode of conatnsction, and the best mechanical appliances 

an so lairlv indicated m the work under review, that any engineer about to construct a tramway 

win be en abled at once to obtain the practical information which will be of most service to htm." — 

Atkemtunt, 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial 8vo, 8s. cloth. 

Curves, TahJei for Setting-out, 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

'or Setting-out Curves from 5 to 200 Radius. Bv Albxamdbr Bbazslby, 
~. Inst. C.E. Third Edition. Printed on 48 Caras, and sold in a cloth box, 

waistcoat-pocket size, 3s. 6d. 

" Each table is printed on a sm^ card, which, bdng placed on the theodolite, leaves the hands 
free to manipulate tlte instrument— no small advantage as regards the rapidity o( yrork.''—En£iMeer. 

"Very bandy ; a man may know that all his day's work must fall on two of these cards, which 
he puts into his own card-case, and leaves the rest behind."— Atketugum, 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELD WORK, applied 
to Land and Hydraulic, Hydrographic, and Submarine Surveying and Levelling. 
Second Edition, Revised, with considerable Additions, and a Supplement on 
Waterworks, Sewers, Sewage, and Irrigation. By W. Davis Haskoll, C.£. 
Numerous Folding Plates. In One Volume, demy 8vo, £1 5s. cloth. 

Tunnel Shafts* 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical and Theoretical Essay. ' By J. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, London and North- Western Railway. Illustrated with 
Folding Plates, royal 8vo, 125. cloth. 

" Many of the methods given are of extreme practical value to the mason ; and the observations 

on the form of arch, the rules for ordering^ the stone, and the construction of the templates will be 

found of considerable use. We commend the book to the engineering profession." — Building News, 

" Will be regarded by civil engineers as of the utmost value, and calculated to save much time 

and obviate many mistakes." — Colliery Guardian. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA- 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates. By J. H. Watson 
Buck, M. Inst. C.E, On a Sheet, as. 6<^. . 



fi: 
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T'rtl88€S» 

TRUSSES OF WOOD AND IRON. Practical Applications of 
Science in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction,^ with Complete Working Drawings. B3r William 
Griffiths, Sarveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 
" This handy little book enters so minutely into every detail connected with the construction of 

roof trusses, that no student need be ignorant of these matters for want of an easy source to come 

at the knowled^."--/'ra£/u-a/ Engineer. 

" From the manner of trcati^ the subject. Mr. Griffiths' book is clear enough to enable a 

sttxlent to be his own teacher. It will be useful in the science school and in worktops."— ^ rchitect. 

Railway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway AcH- 
dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement E. Strbtton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illas- 
trations and Coloured Plates, crown 8vo, 45. td. strongly bound. 

Outline of Contents. 
Chapter I. Summary of Accidents, 1885. — II Permanent Way.— III. Sig- 
nalling; Block System. — IV. Continuous Brakes. — V. Breaking of Rail- 
way Axles.— VI. Railway Couplings. — VII. Railway Servants and the Law 
of Manslaughter. — Appendix I. Railway Traffic Returns. — II. Railway 
Signal Returns. — III. Continuous Brakes Returns. — IV. Mixed Trains. 

%* Opinions oe the Press. 

" A book for the engineer, the directors the managers ; and, in short, all who wish for informa- 
tion on raflway matters will find a perfect encyclopaedia in ' Safe Railway Working.' "—Raiituaj 
Review. 

" Mr. Clement E. Stretton. the energetic Vice-President of the Amal^^amated Society of Rail- 
way Senrants, may be congratulated on having collected, in a very convenient form, much valuable 
information on the principal questions affecting the safe working of railways."— ^atVo/oy Enginei.r. 

" We commena the remarks on railway signalling to all railway managers, especially where a 
uniform code and practice is advocated."— /f(fr^^/A'x Raitway youmeU. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVFYOR'S, AND CON- 
TRA CTOR 'S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying ana 
Plotting the Work with minute accuracy by means of Straight Edge ana Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-oat 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. FoorUi 
EcQtion, Enlarged. Crown 8vo, xas. cloth. 

"The book is very handy, and the author might have added tiiat the separate tables of sines 
and tangents to every minute will make it useful for many other purpose^ the genuine travecss 
tables ••r<g»ing all the suDC."^'j4t/umn*m. 

"Every person engaged in engineering field operations win estimate the importance of luch a 
woik and me amount of valuable time which will be saved by reference to a set of reliable tlMni 
prepared with the accuracy and fulness of those given in this volume."— ^at/awE^ Aews, 

Earthwork^ Measurement of. 

A MANUAL ON EARTHWORK, By Alex. J. S. Graham, 

C.E. With numerous Diagrams. i8mo, 25. td, cloth. 

*' A great amount of practical information, very admirably arranged, and available for raogh 
estimates^ as well as for tiw more exact calculations required in the engineer's and contractWs 
offices."— ^rMnm. 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Shsilds, M. Inst, C.B« 
Second Edition, with 5 Plates. Royal 8vo, ss. cloth. 
" The student cannot find a better little book on this subject"— ^Msc^Cmcr. 

Cast Iron and other MettUs, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS, By Thomas Tkbdoold, CB. Fifth 
BdiUcm, indiiding Hodgxzmsom's E «perimental Researches. Svo, its. doth. 
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ABOHXTBOTUBXy BX7ILDIM O, etc. 



Ctmsirtictian* 

THE SCIENCE OP BUILDING : An Elmtntary Trtatise om 
th« Principles of CotutrueHm. By B. Wyndham Tabu, M.A^ Architect. 
Second Edition, Revised, with 58 Engravingt. Crown 8vo, ys. 6d, doth. 

** A W7 vahiabl* book, whiA wo ftraocly l o uw i u B O ud to oO itudonts."— AiAMrr. 

"No •rchitoctufal ttouVmt iboald bo without Ihto handbook of conatractioaal kwnriadgo.*-* 



VMa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE: Being « 
Stria of Designs for Villa Residences in various Styles, With Outline 
Specifications and Estimates. By C. Wiceks, Architect, Aothor of "The 
Spires and Towers of England," oc. 6x Plates, 4to, £i us, 6d. half-morocco, 
gut edges. 

"Tho whole of tfM deigns bear evidenoo of tfieir beiosr the work of an artistic ardiitoct, and 
ttiy win prove vety valnable and sugictgdw,"—BMiUifi£ /ftw*. 

Text'Book far Architects. 

THE ARCHITECTS GUIDE: Being a Text-Booh of Usefid 
Information for Architects, Engineers, Surveyors, Contractors, Clerks of 
Works, &e. &c. By Frbobrick Rogers, Architect, Author of " Specificar 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. cloth. 

** As a text-book of useful Infonnatioo for architects, enffineer^ surveyors^ &&, it would be 
hard to find a handier or more complete little volume."— StemMn/. 

"A young ardiitect couU hardly have a better guide*book."— TYmAct Ttttdu yoummL 

Taylor and Cresy'a Mame. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Crbsy, Esq. New 
Edition, thoroughlv revised by the Rev. Alexander Taylor, M. A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 130 Plates, half-bound, £3 3s. 
N^.—This is the only book which gives on a large scale, and with the precision 

of architectural measurement, the principal Monuments of Ancient Rome in plan, 

elevation, and detail, 

"Taylor and Cresy's work has from Its ilrst pubHcation been ranked among those p ro f e ssi onal 

Iwolcs which cannot be bettered. ... It would be difRcult to find examples of drawings, even 

among those of the most painstaldng students of Gothic, more thorouglily worked out tlun axe th« 
hundred and thirty plates in this volume."— utfivMMdL 



Architectural Drawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture, By Gborob Pynb. With 24 Plates, 4to, 
js. 6d, boards. 

Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHFTECTURE. 
By Sir William Chambers, F.R.S. With Illustrations, Notes, and an 
Examination of Grecian Arclutecture, by Joseph GwilTi F.SJL Edited by 
W. H. Leeds. 66 Plates, 4to, 315. cloth. 

House Building and Repairing, 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wUl it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
the late Jambs D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. 
Miller, A.R.I3.A. With numerous Illustrations. Third Bditiaii, Revised. 
Crown 8vo, 3s. 6d, cloth. 

" In two years it win repay its cost a hmidied tfaaas over"— /'dkMl 
••A very handy book."-£M|^M JV«c4aM^ 
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XPeHgning, Measuringf and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS, Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants, and copious Memoranda for the Valuation of 
Labour and Materials in the respective Trades of Bricklayer and Slater, 
Carpenter and Joiner, Painter and Glazier, Paperhanger, &c. With 8 Plates 
and 63 Woodcuts. Originallv edited by Edward Dobsom, Architect. Fifth 
Edition, Revised, with considerable Additions on Mensuration and Construc- 
tion, and a New Chapter on Dilapidations, RepairSi and Contracts, by E. 
Wyndham Tarn, M.A. Crown 8vo, 95. cloth. 

** Well fulfils the promise of its title-pajre, and we can tfaorouf hly recommend U to the dass 
for whose use it has been compiled. Mr. Tarn's additions and revisions have much increased the 
usefulness of the work, and have especially augmented its value to students."— ff^Mr^n'^. 

"The work has been carefully revised and edited by Mr. E. Wyndham Tarn, M.A., and com- 
prises several valuable additions on construction, mensuration, dilapidations and repairs, and other 
matters. . . . This edition will be found the most complete treatise on the principles of measure 
ing and valuing artificers' work that has yet been published."— i^M^Mtf'A'tfntf. 

JPocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, with a 
Treatise on the Measurement of Timber and Complete Specifications for 
Houses, Roads, and Drains, and an easy Method of Estimating the various 
parts of a Building collectively. By A. C. Beaton, Author of" Quantities 
and Measurements,^* &c. Fourth Edition, carefully Revised and Priced 
according to the Present Value of Materials and Labour, with 53 WocKlcuts, 
leather, waistcoat-pocket size, is. 6d. gilt edges. 

"No builder, architect, surveyor, or valuer should be without his* Beaton's Guide.*"— 
Building' News. 

"Contains an extraordinary amount of information In dally requisition in measuring' and 
estimating. Its presence in the pocket will save valuable time and trouble."— ^Mf/itw^ IVorJti, 

" An exceedingly handy pocket companion, thoroughly reiiahlo."— 'Bunder's IVeekly Reverter. 

"This neat little compendium contains all that is requisite in carrying out contracts for 
excavating, tiling, bricklaying, paving, ttc"'— British Trade JoumeU. 

I>&n4Mld8an on Specifications. 

THE HANDBOOK OF SPECIFICATIONS: or. Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructi<Mis. Illustrated by . 



Precedents of Buildings actually executed by eminent Architects and En- 
«neer8. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, in 
One large Vol., 8vo, with upwards of z,ooo pages of Text, and 33 Plates, 



£1 zis. 6d. doth. 

" In this work forty>foiir specifications of executed works are stren, inchiding tha spedfica* 
tioiisfor parts of the new Houses of Parliament, by Sir Charles Harry, and for the new Royal 
EjDchaqga^ tnr Mr. Tite^ M.P. The latter, in imrttcular, is a very complete and remarkabla 
document, it embodies to a great extent; as Mr. Donaldson mentions, 'the bill of qoantitiea 
with the description of tne works.' ... It is vahiable as a record, and more valuable still as a 
book of precedents. . . . Snffice it to say that Donakboii't 'Handbook of SpedficatkMis' 
must be bought by all architects."— ^M^Mkr. 

Bartholomew and Rogers' Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE, 
A Guide to the Architect, Engineer, Surve^ror, and Builder. With an Essay 
on the Structure and Science of Modem Buildings. Upon the Basis of the 
Work by Alprcd Bartholombw, thoroughly Revised, Corrected, and greatlv 
added to by Frbdbrick Roobrs, Architect. Second Edition, Revised, witn 
Additions. With numerous Illusts., medium 8vo, X5s. cloth. 

" The coOeetien of spedficatioas prepared by Mr. Rogers on the basis of Bartholomew's work 
Is too ^veU known to need any recommendation from us. It is one of the books with which every 
yoong architect must be equipped ; lor time has shown that the specificattens cannot be set atide 
through any defect in them."— utf rcAMecT. 

** Good fonns Tor spedficatioas are of oonsiderable vahwb and it was an excdient klea to com- 
pile a work on the subject upon the basis of the late Alfred B a r tholo m ew's vahiable work. The 
second edition of Mr. Rogers's book is evidence of the want of a book dealing with modem r^ 
qoiiemenis and materials?'— ^m^W^v News, 
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Oeometry for the Architect, Engineer, etc. 

PRACTICAL GEOMETRY, for ikt Archiltct, Engimitr and 
llHluuic. CiviDg Rule* for the DsJineilion ud AppUcadan at wiou 
GeoowtricBl Linei, Fiinil« ud Cnivei. Bi E. W, TAaii, H.A., Architect. 
AoUKHDf "Thi ScisDcsof BuiJ<]inc."Ac Sscood Editioa. With Apnn- 
dicei on DiKgnmi of Stniu *ild Iwoutnc*! Pic^ACIion. With 171 lllu- 
Inlioiu, iaoj Sua. 91. cT - '*- 

ZA« Science of Geometry. 

THE GEOMETRY OP COMPASSES: or, FtobUms Raolvtd 

Sllu mm Dacripticm of Circia, and tin uu of Colouni Diagrawu 
_mboli. BrOLiTiKBTtxc. Coloured P1»tBi. Cro' — ° «j -■_ 

DECO RATIVl! ART S, eto. 
Woods ana Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
— u Tiiuht and Piacliscd bTA.R. Vah DIlBuMudP. 

,.,._■. j__ "-■---, insiiintion. Rayil foUo, 

., — . , ed Pl»ies; itoo 11 plain 

HspriunftM Fifore). Second ud Cheaper Edition. Price jfi iii.£^ 



AND UARBLES.tL^ __^ 

ViN Dii Buio.DiteciorsDf the Roll... 
iSt bj lit >■-' Illustrated with 14 full 



of •milsDi £niiii uidHMIuib^fU^^bitSaa 



House Decoration. 

ELEMENTARY DECORATION. A Guide to the Simpler 

Forms of Everyday An, as applied ta the lalerior and Brterlor Decoration of 
DweiliDg Houses, &c B7 /anas W, Facit, Jun. With 68 Cots. iamo,tt. 
clolb limp. 
-AltlMliiilalEuMe^aDktotlHdiiciiiUIniAbitcrttwIIlbeliiuiidnSaUg.'— fiiittflV'AiH. 

PRACTICAL HOUSE DECORATION .- A Guide to the Art of 

Oroamental Paialia;, the Arrangement of Coloun in Apartmenu, and tlw 
- "nciplet of Decorative Desiipi. Wiihiome Remarks dmd (be Nature and 

..,: — Kni,^ fir JAIIBS William Pacay.AntbarofBlamenlat* 

., „.. With nomerOQi lUosUatioo*. iimo, u. W. eloth limp. 
aboH Two Wtrht tottlltr in Om Vtl., itnmtljr Mf-bomU, 51. 



mncipiet of 



DECORATIVE ARTS, etc. J7 

Colour. 

A GRAMMAR OF COLOURING. Applied to Decorative 
PaintiDg and the Arts. By Gborgb Field. New Edition, Revised, Enlarged, 
and adapted to the use ot the Ornamental Painter and Designer. By Ellis 
A. Davidson. With New Coloured Diagrams and Engravings, xamo, 35. 6d, 
cloth boards. 
"The book is a most useful resume of the properties of pigments."— ^miUScr. 

House JPainting, Chraining, etc. 

HOUSE PAINTING. GRAINING, MARBLING, AND SIGN 
fr/?/r/iVG, A Practical Manual of. By Ellis A.Davidson. Fifth Edition. 
With Coloured Plates and Wood Engravings, xamo, 6s. cloth boards. 

" A mass of infonnation, of use to the amateur and of value to the practical man."— £«tfMrA 
Mechaftic. 

"Simply invaluable to the youngster entering upon this particular calling, and highly service- 
able to the man who is practising it. —Furniture liazette. 

I>ecorator8, JReceipts for. 

THE DECORATOR'S ASSISTANT: A Modem Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. 152 pp., crown 8vo, is. in wrapper. 

" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist o' 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the painter's art,"— Bui/din^ Nrws. 

" We recommend the work to all who, whether for pleasure or profit, require a guide to decora* 
t\on."—Piumber and Decorator. 

Moyr Smith on Interior J>ecoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. MoYR Smith. Super-royal 8vo, with 32 full-page Plates and numerous 
smsuler Illusts., handsomely bound in cloth, gilt top, price i8s. [Just published. 

t^ In " Ornamental Interiors " the designs of more than thirty artist- 
decorators and architects of high standing have been illustrated. The book moft 
therefore fairly claim to give a good genertuview of the works of the modem school 
of decoration, besides giving characteristic examples of earlier decorative arrange- 
ments. 

"Ornamental Interiors" fives a short account of the styles of Interior 
Decoration as practised by the Ancients in Egypt, Greece, Assyria, Rome and Byzan- 
tium. This part is illustrated by characteristic designs.' The main body of the 
work, however, is devoted to the illustration of the modem styles of Decorative Art, 
and many examples are given of decorative designs suitable for modem Dining- 
Rooms, Drawing-Rooms, Libraries, Staircases and Halls, Parlours, Studies and 
Smoking-Rooms. The Decoration of Public Buildings is illustrated by views of the 
chief State Apartments in Buckingham Palace and Windsor Castle, the Salle de 
Leys at Antwerp, the Salle de Manages at Brussels, and of other works which have 
distinctive features suitable for the purpose. 

*4i* Opinions op the Press. 

" The book is weO illustrated and handsomdy got up, and contains some true eritidsm and a 
good many good examples of decorative treatment. —7>i« Builder. 

" We can greatly commend Mr. Movr Smith's boolc, for it is the production of one professedly 
capable in decorative work, and abounds with useful hints and descriptions of executed modem 
work, t<M[ether with a well-put resume of ancient styles. ... As much a Ixwk for the drawing- 
room as for the manufacturer."— TAe British Architect. 

" Well fitted for the dilettante, amateur, and professional dcsifpiex."—Decorttti9n. 

*' This is the most daborate, and beautiful work on the artistic decoration of interiors that we 
have seen. . . . The scrolls, pands and other designs from the author's own pen are very 
beautiful and chaste : but he takes care that the designs of other men shall figure even more than 
his oyini.''—Liverf0ol Album. 

" To all who take an Interest In elaborate domestic ornament this handsome volume will be 
welcome. ** — Graphic. 

" Mr. Moyr Smith deserves the thanks of art worker* for having placed within their reach a 
book that seems eminently adapted to afford, by example and precept, that guidance of which 
most craftsmen stand in aoed."— Furniture Gasette. 

British and Foreign Marbles. 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles. A Handbook for Students. By George H. Blaorovb. 
Author of " Shoring and its Application," &c. With 28 Illustrations. Crown 
&vo, 3s. 6d. cloth. [Just published. 
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DELAMOTTtS WORKS ON ILLUIilNATIOH AMD ALPHABETS. 



A PRIMER OP THE ART OP ILLUMINATION, far the Us$ of 
Beginnen : with a Rndiinentary Treatise on the Art, Practical Directions for 
its exercise, and Biamples taken from Illuminated MSS., printed in G<rid and 
Coloors. By F. Dslamottb. New and Cheaper Edition. Small 4to, 6s. orna- 
mental boards. 
**'niaemnples of mcket MSS. i» cww i Mte4 to tt««tadit which, with flnch roodweaaB, 

tfM atitbor chooses from coflectkws icMiribto to all v nhrted with Judctneot sad imowiedee. 

•s wan as taste.**— WMciMTNiM. 

ORNAMENTAL ALPHABETS, Ancient and Midiaval from the 
Eighth Century^ with Numnah ; including Gothic, Church-Text, large and 
SQudl, German, Italian, Arabesque. Initios for Illumination, MonograiKa, 
Crosses, &c. &c., for the nse of Architectnral and Ensineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Litnographers, Bnpravers, 
Carvers, Ac. Ac. Collected and Engraved bv F. Dblamottb, and pnnted in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, as. 6d, ornamental 
boards. 

** For those who faiMrt •naneBod aealanoaa rooad gUdad chalca^ who blasoa shop l^reods < 
riMp-door% who lettat church walls with pUv santmiras from the Docalogve^ tWs book wil bo i 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental: 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscauo. Riband, Gothic, Rustic, and Arabesque ; 
with several Origmal Desiens, ana an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and En^aved by F. Dblamottb, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, as. 6d. ornamental boards. 

" There b comprised hi It every posdble shape hito which the letters of the alphabert and 
aumerab can be formed, and the talent which has been OKpeadod in the conception oTthe Tmiiotts 
plain and ornamental letters is wonderfuL"— StefNfarA 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS, By F. G. Dblamottb. Containing ax Plates and Illuminated 
Title, printed m Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 

** A volume in which the letters of the alphabet come forth glorified in gilding andaD the colottrs 
of the prism interwoven and intertwined and intermingled.''— tMw 

THE EMBROIDERER'S BOOK OP DESIGN. Containing 
Initials, Emblems, Cyphers, Monograma, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modem Alphabets, and National Emblems. Col* 
lected by F. Dblamottb, and printed in Colours. Oblong royal 8vo, zs. 6d. 
ornamental wrapper. 

"The book will be of great asdstanoe to ladles and jrooag cfaildien wfio are endowed with the 
art of plyhig the needle in this most ornamental and usctul pretty woric"-^oi^ .^ivMm Times, 

Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs ; with 
Hints on Design. By A Lady. With Ten large Plates, as. 6<l. in emblematic 
wrapper. 

"The handicraft of the wood-canrer, so well as a book can impart It, may be learnt from * A 
Lady's ' pubUcation.''—^i:ftrM<rfim. 

** The directions given are phdn and easily undaistood."— J?^^A AUckanic 

Glass Painting. 

GLASS STAINING AND THE ART OP PAINTING ON 
GLA 55. From the German of Dr. Gbssbrt and Emahubl Otto Frombbrg. 
With an Appendix on Thb Art or Emambllino. lamo, as. 6d, cloth limp. 

Letter Painting. 

THE ART OF LETTER PAINTING MADE EASY. By 

JAMBS Grbio Badbmoch. With la full-page Engravings of Examples, zs. cloth 
imp. 

"The system b a dmple one^ but qtd^ original, and wen* worth the ciraftd attaotioQ of letter 
painters, ft can be easily mastered and t cm aa nb a s od."— Jfti^Wwy Ngw*. 
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CARP ENTRY, TIMBER , etc. 
Tredgold'8 Carpentry^ Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties of Timber, 8k., with Descriptions of the kinds 
of Wood used in Bulldmg ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Trbdgold, C.E. With an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Seventh Edition, tnoroughly revised and considerably 
enlarged by E. Wymdham Tarn, M.A., Author ol " The Science of Build- 
ing," &c With 6x Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £1 55. cloth. 



'Ouffht to be in every architect's and every builder's VStynxy."— 'Builder. 

" it wh4 
ciples are rather confim 
plates are of great intrinsic yihxe."— Building News. 



" A work whose monumental excellence must commend it wherever skUful carpentry is con- 
cerned. The author's principles are rather confirmed than impaired by time. "The additional 



Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and Con- 
struction, With Hints on the Management of Saw Mills and the Economical 
Conversion of Timber. Illustrated with Examples ot Recent Designs by 
leading English, French, and American Engineers. By M. Powis Balb, 
A.M. Inst. C.E., M.I.M.E. Large crown 8vo, 12s. 6d. cloth. 
" Mr. Bale is evidently an expert on the subject and he has collected so much information that 

his book is all-sufficient for builders and others engaged in the conversion of \xmhat."~-ArcMtect. 
"The most comprehensive compendium of wood- working machinery we have seen. The 

author is a thorough master of his sah}ect."-~Buildin£ JVews. 

" The appearance of this book at the present time will, we should think, give a condderable 

Impetus to the onward march of the machinist engaged in the designing and manufacture of 

wood-working machines. It should be in the office of every wood-worldng taxAory."'— English 

Mechanic, 

Saw Mills. 

SA W MILLS : Their Arrangement and Management, and the 

Economical Conversion of Timber. (Being a Companion Volume to " Wood- 
working Machinery.") By M. Powis Bale, A.M. Inst. C.E., M.I.M.E. 
With numerous Illustrations. Crown 8vo, los. 6d. cloth. 

" The administration of a large sawing establishment is discussed, and the subject examined 
from a financial standpoint. Hence the size, shape, order, and disposition of saw-miUs and the 
like are gone into in detail, and the course of tne timber is traced from its reception to its 
delivery in its converted state. We could not desire a more complete or practical treatise."— 
Builder. 

" We highly recommend Mr. Bale's work to the attention and perusal of all those who are en* 
gaged in the art of wood conversion, or who are about building or remodelling saw-miDs on im* 
proved pxin<iples."-^BMildtng- News, 

Carpentering. 

THE CARPENTER'S NEW GUIDE: or, Book of Lines for Car- 
penters ; comprising all the Elementary Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Pbter Nicholson's Standard 
Work. A New Edition, revised by Arthur Ashpitbl, F.S.A. Together 
with Practical Rules on Drawing, by Gbokgb Pyns. With 74 Plates, 
4to, £1 15. cloth. 

Handrailing, 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By Gborgb 
CoLLiNGS. Illustrated with Plates and Diagrams. x2mo, is, 6d. cloth limp. 
" Will be found orj>ractical utility in the execution of this difficult branch of joinerv."— /Twi^t^^ 

ra this somewhat intricate branch of Joinery is elucid 



'* Ahnobt every difficult phase of^this somewhat intricate branch of Joinery is elucidated by the 
aid of plates and explanatory leKterpxeas."— Furniture CoMettc. 

Circular JForh* 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings, Author of " A Practical Treatise on Handrailing.*' Illus- 
trated with numerous Diagrams. x2mo, u. 6d, cloth limp. [Just pubiished, 
** An excellent example of what a book of this kind should be. Cheap in imce, clear in defini- 
tion and practical bi the examples selected."— 5M<tf«r. 
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JHntber Merchant's Companion, 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PA NION, ContainiDg New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sixes, from One to a Tboosand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
Kiven Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timoer to any given Price per Load of 50 Feet; the proportionate 
Value oi Deals and Battens bv tbi Standard, to Square Timber by the L.oad 
of 50 Feet ; the readiest mooe of ascertainmg the Price of Scantling per 
Lineal Foot of any sise, to any jpven Figure per Cube Foot, &c. kc By 
William Dowsimo. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cl. 
" Every timber merchant and builder otmiit to poweM tL'—Hu/I Advertiser. 
" We are glad to see a fourth edition of these admirable tables, which for correctness and 

•fanpticltj of arrangement leave nothing to be desired.**— TYMrArr Trades V^umal. 

" An exceedingly well-arranged, dear, and condie manual of tables for the use of all who bay 

«r sell timber."— 7>Mma/ ^ FeresUry, 

Practieai Tiniber Merchant. 

THE PRACTICAL TIMBER MERCHANT, Being a Guide 
for the use of Building Contractors, Surveyors. Builders, &c., comprising 
useful Tables for all purposes connected with toe Timber Trade, Marks <A 
Wood. EssaySon the Strength of Timber, Remarks on the Growth of Tioiber, 
ftc. By W. Richardson. Fcap. 8vo, 4s. 6d. cloth. 
" This handy manual contains much valuable mformatkn for the use of timber merduoits^ 

builders, foresters, and all others connected with the growtl^ saK >nd manufacture of timber.' — 

y^ummt ^ Forestry. 

Tiniber Freight Book* 

THE TIMBER MERCHANTS. SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson Timber Broker; together with a Chapter on " Speeds of Saw 
Mill Machinery," by M. Powis Balk, M.I.M.E.. &c. xnno. 3s. 6d. cJ. boards. 
"A very useful manual of rules, tables, and memoranda, relating to the tunber trade. We re- 

commend it as a compendium of calculation to all timber measurers and merchants, and as supply. 

ing a real want in the tnA»."—BHildiKg News. 

Baehing^Case Makers, Tables for. 

PACKING-CASE TABLES; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Second Edition. Oolong 4to, 3s. 6d. cl. 
** Invaluable labour-saving tables."— /rvwmMVV* " ^^ save much labour."— {^rpor. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 

SUREMENT. Tables calculated from i to 200 inches in len^h, by i to 108 

inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 

Merchants, Builders^ &c By Jambs Hawkings. Third Edition. Fcap., 

3s. 6d. cloth. 

" A useful collection of tables to facilitate raoid calculation of surfkces. The exact area of any 

surface of which the limits have been ascertainea can bei nstantly determined. The book will be 

found of the greatest utility to all engaged in building operations."— >S«0i<;rma». 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F.B. 
Hough. Large crown 8vo, zos. cloth. 

Timber Importer's Guide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Vuces and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. i2mo, 2s. 6d. cloth boards. 
** Everything it pretends to be : buih up gradually, it leads one from a forest to a treeaaO, and 

throws in, as a makeweight, a host of material concermng bricks, colimms, cisterns, 8cc''—Snglisk 

Mechanic. 
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NAVAL ARCHITECTURE, NAVIGATION, etc. 

Chain Cables* 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Ch%in Cables and Chains, 
Historical Notes, Aets of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. By Thomas W. Traill, F.E.R.N., 
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, the Inspector 
of Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 2S. cloth, 
bevelled boards. 

" The author writes not only with a full acquaintance with scientific fonnulae and details, but 
also with a profound and fully-instructed sense of the importance to the safety of our ships and 
sailors of fidelity in the manufacture of cables." — Atkenaitm. 

" The business of chain cable making^ is well explained and illustrated. We can safely recom- 
mend this work to all in any way connected with the manufacture of chain cables and chains, as a 
good book."— A^a/«r^. 

" It contains a vast amount of valuable information. Nothing' seems to be wanting to make it 
a complete and standard work of reference on the subject."— A^isM/ua/ Magazine. 

Pocket-Booh for Naval Architects and Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Table5,and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book 0/ Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Third 
Edition, Revised. With numerous Diagrams, &c. Fcap., 12s. 6d. strongly 
bound in leather. 
" Should be used by all who are engaged in the construction or design of vessels. . . . Will 

be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 

from the best authorities, and put together in a popular and simple iotm."— Engineer. 

" The professional shipbuilder has now, in a convenient ana accessible form, reliable data for 

solving many of the numerous problems that present themselves in the course of his work." — Iron. 
"There is scarcely a subject on which a naval architect or shipbuilder can require to refresh 

liis memory which will not be found within the covers of Mr. lAa.Qkxovi'&hooV."— English Mechanic. 

]Pocket'Booh for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULiE FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal samo, leather, gilt edges, with strap, 4s. 
"We recommend it to our readers as going far to supplv a long-felt wa.nt."—JVavai Science. 
"A most useful companion to all marine engineers."— f^tVetf Orifice Gazette. 

lAghthonses. 

EUROPEAN LIGHTHOUSE SYSTEMS. Being a Report of 
a Tour of Inspection made in 1873. By Major George H. Elliot, Corps of 
Engineers, U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 
215. cloth. 






The following are published in V/ealk's Rudimentary Series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fifteenth Edition, zamo, ss. 6d. cloth boards. 

SAILS AND SAIL-MAKING. Eleventh Edition, Enlarged, with 
an Appendix. By Robert Kipping, N.A. Illustrated. z2mo, 3s. cloth boards. 

NAVAL ARCHITECTURE. By Tames Peakb. Fifth Edition, 
with Plates and Diagrams. lamo, 45. cloth boards. 

MARINE ENGINES AND STEAM VESSELS (A Treatise on). 
By Robert Murray, C.E., Principal Officer to the Board of Trade for the 
East Coast of Scotland District. Eighth Edition, thoroughly Revised, with 
considerable Additions, by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool. z2mo, 55. cloth boards. 

PRACTICAL NAVIGATION. Consisting of The Sailor's Sea- 
BooK, by Jas. Greenwood and W. H. Rosser ; together with the requisite 
Mathematical and Nautical Tables for the Working of the Problems, by 
Henry Law, C.E. and Prof. J. R. Young. Illustrated xsmo.ys. half-bound. 
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MININa AND MmiNa INDUSTBIES. 

MetaUiferouB Mining, 

BRITISH MINING : A Trtatiu on thi HUtof^, Discovery, Practicai 
Devthpnunt, and Future Prospects of Metalli/eraut Utna t» the United King' 
dom. By Robert Hunt, F.R.S., Keeper of Minins Records; Editor of 
** Ure*8 Dictiooary of Arts, Manufactures, and Mines," &c. Upwards of 950 
pp., with 230 Illustrations. Second Edition, Revised. Super-royal 8vo, 
£z as. doth. [J»i/ published. 

%* Opinions or thb Press. 

"One of the moM valuable works of refeience of modern times. Mr. Rant, as keeper of mining 
lecerdsof the United Kinffdom, has bad opportunities for such a task not enjoyed by anyone else* 
and has evidendy made die most of them. . . . The language and style adopted are ffood, mmS 
the treatment of the various subjects laborious, conscientious, and scientific."— £itWii«m«v. 

"Probablr no one hi this country was better qualified than Mr. Hunt for undertaking sucb » 
work. Bvougnt into frequent and close association during a long life-time with the principal guar- 
dians of our mineral and metallurgical industries, be enjoved a position exceptionally^ favoaratale 
for collecting the necessary information. The use which ne has made of his opportunities is suffi- 
ciently attested by the dense mass of information crowded into the handsome volume which has 
iu&t been published. ... In placing before the reader a sketch of the present position ci 
British Mining; Mr. Hunt treau bis subject so fully and illustrates it so amply that this section teaUv 
forms a little treatise on practical mining. . . . The book is; in bet, a treasure-house of statisticu 
information on miidng sublects, and weknow of no other work embodying so great a mass of matter 
of this kind. Were this the only merit of Mr. Hunt's volume it would oe sufficient to render it 
indispensable in the library of everyone interested u the development of the mining and metalhir- 
gical industries of this country."— /4iA««urMM. 

" A mass of information not elsewhere available, and of the greatest vahte to thoM who may 
be interested in our great mineral industries."— £>i!fi^M«rr. 

" A sound, business-like collection of interesting facts. . . . The amount of Informatloik 
Mr. Hunt has brought together is enormous. . . . The volume appears likely to convey more- 
Instruction upon the subject than any work hidierto published."- .V<Mwv yottmal. 

** The work will be for the mining hidustry what Dr. Percy's celebrated traadee has been for the- 
metaOurncal— a book that cannot wuh advantage be omitted from the library."— /#v» mud Coat 
TratUt lUvUw. 

' ' The literature of mining has hitherto poeaeased no work approaching In importance to that 
which has lust been published. There is much in Mr. Hunt's valuable work that every sharehokier 
in a mine should read with close attention. The entire subject of practical mlnfaig^^rom Ae first 
search for the lode to the latest stages of dre«iag the ore— fa deak with ina masterly maoaer." 
'—jicademjr. 

Coal and Iran. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM. Comprising a Description of the Coal Fields, and of the Princi- 
pal Seams of Coal, with Returns of their Produce and its Distribution, and 
Analyses of Special Vsurieties. Also an Account of the occurrence of Iron 
Ores in Veins or Seams: Analyses of each Variety ; and a History of the 
Rise and Progress of Pig Iron Manufacture since the year 1740, exhibiting the 
Economies introduced m the Blast Furnaces for its Production and Improve- 
ment. By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United Kingdom. 
8vo, £i 8s. cloth. 

" The book is one which mtist find a place on the shelves of aH interested in coal and iron 
l>roduction, and in the iron, steel, and other metallurgical industries."— i?iitf^£w<vr. 

'* Of this book we may unreservedly say that it is the best of its class which we have ever met. 
... A book of reference which no one engaged in the iron or coal trades should omit from bi» 
library."— /rvw and Coal Trades RtvUw. 

"An exhaustive treatise and a valuable work of reference."— i/tM>v' yMtrtuU, 

Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal*Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of **Fiji and New 
Caledonia." Third Edition, Revised, with Additions. Small orown 8vo, 
3S. 6d, cloth. [Just published, 

"Will supply a much felt want, especially among Colonbts; in whose way are so often thrown 
many minerafogical specimens the value of which it is difficult for anyone not a specialist, to- 
determine. The author has placed his instructions before his readers in the plainest possible 
terms, and his book is the best of its kind."— fw^'M^^. 

" How to find commercial minerals, and how to identify them when they are fbnnd, are the 
leading points to which attention is directed. The author has managed to pack as muchjpracticai 
detail mto his pages as would supply material for a book three tiroes Its thi/t."— Mining ycumal. 

" Those toilers who explore the trodden or untrodden tracks on the face of the gloM will find 
much that is useful to them in this h<Klk,"-~Athentrum, 
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Mining Notes and Formulce, ' 

NOTES AND FORMULA FOR MINING STUDENTS. By 
John Herman Merivalb, M.A., Certificated Colliery Manager, Professor of 
Mining in the Durham College of Science, Newcastle-upon-Tyne. Second 
Edition, carefully Revised. Small crown Svo. cloth, price 2s. 6d. 

[Just published. 

13* This book consists of a collection 0/ notes andformulee drawn from various 
sourcest the authority being quoted in most instances. It is hoped that the work will 
be useful not only to students but to the prof ession. 

The principal sources of information upon mining matters are the Transactions 
of the various Engineering Societies to whtch the student, in most of our large towns, 
has access. A great many references to the most familiar of them are given, so that • 
the student who wishes to follow up a subject may be in a position to acquaint himself 
with details which could not be included in a work like this. 

The examples of the use of the formula, at the end of the book, are merely given 
to assist students working without a teacher. 

" Invaluable to anyone who is working up for an examination on mining subjects."— C<Mt/ and 
Iron Trade* Review. 

" The author has done his work !n an exceedingly creditable manner, and lias produced a book 
that will bo of service to students, and those who are practically engaged in raining operations."— 
£ftgifuer. 

" A vast amomtt of technical matter of the utmost value to mining engineers, and of consider- 
able interest to st}xdeDts."—ScM4f0ifttaster. 

Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surveying and the Valua- 
tion of Mining Properties, with New Traverse Titles. By Wm. Lintbrn, 
Mining and Civil Engineer. Second Edition, with an Appendix on ** Mag- 
netic and Angular Surveying," with Records of the Peculiarities of Needle 
Disturbances. With Four Plates of Diagrams, Plans, &c. i2mo, 4s. cloth. 

[Just published, 
" An enormous fund of information of great value."— Af if n/n^ journal. 

" Mr. Lintem's book forms a valuable and thoroughly trustworthy guide."— //vn and Coal 
Trades Review. 

" This new edition must be of the highest vahie to colliery surveyors, proprietors and mana* 
gen."—CeMery Guardian. 

Metalliferous Minerals and Mining^ 

TREATISE ON METALLIFEROUS MINERALS AND 

MINING. By D. C. Davibs, F.G.S., Mining Engineer, &c., Author of "A 

Treatise on Slate and Slate Qnarrying." Ilnistrated with numerous Wood 

Engravings. Fourth Edition. Crown Svo, zis. 6d, cloth. 

" Neither the practical miner nor the general reader interested in aiines» can have a better book 
or his companion and liis guido."—Miniti£^ yourtuU. 

"The vohinie is one which no student of mineralogy should be without."— Ctf/Z&y^ Guardtan, 

** We are doing our readers a service in calling their attention to this valuable work."— J/itewv 
fTarid. 

" A book that will not otif be useful to the geologist, Ae practical miner, and the metaBurgist, 
but also very interesting to the general public."— /rwi. 

** As a history of the present state of mining throughout the world this book has a real value, 
and it supplies an actual want, for no such information has hMierto been broiv^ht together within 
such Umnad space."— ^Mcwkmm. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY AND OTHER MINERALS 
AND MINING, By D. C. Davibs, F.G.S. Uniform with, and forming a 
Companion Volume to, the same Author's "Metalliferous Minerals and 
Mining." With 76 Wood Engravings. Second Edition. Crown Svo, 12s. 6d, 
cloth. 
** It is essentially a practical work, Intended primarily for the use of practical men. . . . We 

do not remember to have met with any English work on mining matters that contains the same 

■mount of information packed in equalqr convenient form."— ^<vArM>. 

" The book is clearly the result of many years' careful work and thought, and we should be 

inclined to rank it as among the very best^f the handy technical and tradws manuals which have 

recently appcaxed.'.'— .British Quarterly Review. 

" The volume contains a great mass of practical information carefully methodised and pre- 
sented in a very intelligible shape."— 5c0/if man. 

" The subject matter of the volume will be found of high value by all— and they are a uumer* 
ous clifli •nrhiT trade in earthy minerals."— ^M<«MtHM. 
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Underground Pumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
•n Direct-Acting UDder/cround Steam Pumping Machinery, with a Deecrip- 
tioo of a large number of the best known Enrinet, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stbphkm 
MicHBLL. 8vo, 151. cloth. 

"Wm be hi|;tily asteenied by cotHary owners and lawee» mfaUiig «nfl:faiften; and students 
MaeraDy who raquire to be acquainted with the best meant of securing the dxauia^ of mines. It 
u a most valuable woclc, and stands almost alona in tha liteiatura of steam pumpioi: marhinery." — 
CMItry Gtmrdian. 

** Much valuable in<bnnatlon Is gtven, so that the book is tfioroughly worthy of an extenstre 
cir illation amongst practical men and purdiaaers of machinery.'*— i/m<fv' youmal. 

Mining Tods, 

A MANUAL OP MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, xsmo, 3s. cloth boards. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing S35 Illustrations of Mining Tools, drawn to scale. 4to, 4s. 6d. cloth. 

" Studoits in the science of mining, and OTermen, captains, managers, and viewers may gain 
pisctical knowledge and useful hints by the studv of Mr. Morgans' ma nual '—CoUury Guariian. 

" A Tahiable work, which will tend materially to improve our mining literature."— ifmte^ 
y^urttaL 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
Sir Warinoton W. Smyth, M.A., F.R.S., &c.. Chief Inspector of the Mines of 
the Crown. New Edition, Revised and Corrected. With numerous Illus- 
trations, lamo, 45. cloth boards. 

** As an outline is given of every known coal-field hi this and other countries, as vrell as of the 
principal methods of working, the book will doubtless faiteiest a very large number of readers.*— 
MiHinjryfum^ 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatiu on; with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor 6i Mines, and Thomas Bakbr. C.E. Illustrated, izmo, 35. cloth 
boards. - - _- — = — _ . — 

NATURAL AND APPLIED SCDBNCE. 

Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OP ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Prbbcb, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, 12s. 6d, cloth. 

** The original plan of this book has been caieAilly adhered to so as to make it a reilex of the 
existing state of electrical science, adapted for students. . . . Discovery seems to have pro- 
grKsed with marvellous strides ; nevertheless it has now apj>arently ceased, and practical applica- 
nons have commenced their career : and it is to give a faithful account of these that tliis fresh 
edition of Dr. Noad's valuable text-book is bunched {otth.''—£xtraa/'r0m JniroductioH by IV. H. 
Prttce,Esq. 

"We can recommend Dr. Noad's book for clear style, great range of subject, a good index, 
and a plethora of woodcuts. Such collections as the present are indispensable. —Athenttum. 

" ut. Noad's text-book has earned for itself the reputation of a truly scientific manual for the 
student of electricity, and we gladly hail this new amended edition, which brings it once more to 
the front. Mr. Preece as reviser, with the assistance of Mr. H. R. Kempe and Mr. T. P. Edwards, 
has added all the practical results of recent invention and research to the admiraSle theoretical 
expositions of the author, so that the book is about as complete and advanced as it is possible for 
any book to be within the limits of a text-book."— 7cA!fny»A<<: yoummU 

Electricity. 

A MANUAL OP ELECTRICITY: Including Galvanism, Mag- 
netiim, Dia-Magnetism, Electro-Dynamics, Magno-EUctricity, and the Electric 
Telegraph. By Hbnrt M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 4s. cloth. 

"The accounts given of electricity and galvanism are not only complete in a scientific sense 
but, which is a rarer thing, are popular and interesting." — Lancet. 

"It is worthy of a pUce in the library of every public institution."— ^At/nif' yourKat, 
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Electric lAghU 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, and 
Dynamo-Electric Machines. By J. W. Ur^uhart, C.E., Author of " Electro- 
plating." Second Edition, with large Additions and 128 Illusts. 75. 6d. cloth. 

" The book is by far the best that we have yet met with on the subject." — Athtneeufn. 

"It is -the only work at present available which gives, in language intelligible for the most part 
to the ordinary reader, a general but concise history of the means which have been adopted up to 
the present time in producing the electric light." — Metropolitan, 

''The book contains a general account of the means adopted in producing the electric fight; 
not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 
machine in several of its tatxa&.'*— Colliery Gitardian. 

Electric lAghting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING, By Alan A. Campbell Swinton, Associate S.T.E. Crown 8vo, 
IS. 6d. cloth. 

"Anyone who desires a short and thoroughly clear exposition of the elementary principles of 
electric*lighting cannot do better than read this little work. — Brtidford Observer, 

I>r. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

338 Illustrations. Sixth Edition. One Vol., 3s. 6d, cloth. 

" A very convenient class-book for junior students in private schools. It is intended to convey, 
tn clear and precise terms, general notions of all the prmcipal divisions of Physical Science."— 
British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 
With 190 Illustrations. Second Edition. One Vol., 35. &<. cloth. 
" Clearly written, well arranged, and excellently illustrated." — Gardener's Chronicle, 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. LaHdner. Re- 
vised and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 
8vo, 2s.6d. cloth. 
" One of the most readable books extant on the Electric Telegraph."— £»^/irA Afeckanic 

Storms, 

STORMS : Their Nature, Classification, and Laws; with the Means 
of Predicting them by their Embodiments, the Clouds. By Wii. Blasius. 
With Coloured Plates and Woodcuts. Crown 8vo, los. 6d. cloth. 

" A very readable book. . . . The fresh facts contained in its pages, collected with evident 
care, form a useful re^iository for meteorologists in the study of atmospherical disturbuices. . . . 
The book will pay perusal as being the production of one who gives evidence of acute obsorva* 
t\oa."—Xature. 

The Blourpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Apparatus. By Lieut- 
Colonel W. A. Ross, R.A. With z2o Illustrations. Cr. 8vo, 3s. 6d. cloth. 

"The student who goes conscientiously through the course of experimentation here laid down 
will gain a better insight into inoiffanic chemistry and mineralogy than if he had 'got up' any of 
the best text-books ot the day, and i&ssed any number of examinations in their contents.' WTAcm^ 
cal News. 

The Military Sciences. 

AIDE-MEMOIRE TQ THE MILITARY SCIENCES, Framed 
from Contributions of Officers and others connected with the different Ser- 
vices. Originally edited by a Committee of the Corps of Royal Engineers. 
Second Edition, most carefully revised b^ an Officer of the Corps, witn many 
Additions ; containing nearly 350 Engravmgs and many hundred Woodcuts. 
Three Vols., royal 8vo, extra cloth boards, and lettered, £4 zos. 

' "A compendious encyclopaedia of nailitary knowledge, to which we are greatly indebted."— 

Bdintureh Review. 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. Bv 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of Z2 Plates, zas. 
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Temperaments* 

OUR TEMPERAMENTS, THEIR STUDY AND THEIR 
TEACHING. A Popular Outline. 67 Alexander Stewart, F.R.C.S. 
Edin. In one laree ovo volume, with 30 Illostrations, inclading A Selection 
from Lodge's ** Historical Portraits," showing the Chief Forms of Faces. 
Price 151. cloth, gilt top. 

**Th« tMK>k is cxoewUniriy intemtliif , even for those who are not systematic stadents of an- 
thffopolocry. ... To those wEo think the proper study at manhlnd is man, it will be iuU of attzac- 
tiou^'—oai/y Ttlegrmfh. 

"The author 'fc object is to enable a student to read a man's temperament fai his aspect The 
work is well adapted to tes end. It b worthy of the attentioa of studentt of human nature." — 
Scotsmmn. 

" The Tohimeb heavy to hold, but linrht to read. Tlioaffh the sothor has treated his snbfect 
exhaustivdy. lie writes in a popular and pleasant manner that renders it attractive to the seaeral 
feeder."— ihfjtrA. 

Tneumaties and Acoustics. 

PNEUMATICS : including Acoustics and the Phenomena of Wind 
Currents^ fOr the Use of Beginners. By Charles Tomlinsom, P.R.S., 
F.C.S., &C. Fourth Edition, Enlarged. With numerous lUustrations. 
ismo, IS, 6d, cloth. C5«fs/ published. 

" Bogfameis in the study of this Important application of science could not have a better manuaL '* 

** A valuable and snitaUe text-book fbr students of Acoustics and the Phenomena of Wind 
Currents."— Sc*«0/Mtax^^. 

Conehoiogy, 

A MANUAL OF THE MOLLUSC A : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward. A.L.S., F.G.S., late Assistant 
Paleontologist in the British Museum. Finh Bditi<Mi. With an Appendix 
on Recent and Fossil Concholoafical Discoveries, by Ralph Tate A.L.S., 
' F.G.S. Illustrated by A. N. Watbrhousb and Joseph Wilson Lowry. 
With 23 Plates and upwards of 300 Woodcuts. Crown 8vo, 7s. 6d, cloth 
boards. 
** A most vahiable stoithoose of conchologica! and ceologlcal Infonnation.^'^itScbmor Gossip. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A.. F.R.S., 
formerly Raddiffe Obseryer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thynnb Lynn, B.A., F.R.A.S., formerly 
.' . of the Royal Observatory, ureenwich. xamo, as. cloth limp. 

" A sound and shnple treatise^ very careAiOy edited, and a capital book for beefnners."— 
ITuMW/M^fr. 

"Accurately brought down to tiie requirements of the present time by Mr. Lynn.."— £</»- 
eationml Times, 

Qeotogy. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. Consisting of " Physical Geology." which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
^ treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S., &c., Ac. With aso Illustrations, xamo, 5s. 
cloth boards. 

■ **^Th0 fhlness of die matter ha» elevated the -book into a manuaL Its Information Is esdiaustive 
•nd wellarraoged."->Scfe«0/ Board ChrmicU, 

Qeology and Genesis. 

THE TWIN RECORDS OP CREATION ; or. Geology and 
Genesis : their Perfect Harmony and Wonderful Concord. Bv Gborob W. 
Victor lb Vaux. Numerous Illustrations, reap. 8vo, 5s. doth. 

" A valuable contribution to tiie evidences of Revelation, and disposes very conclusively of the 
arguments of those who would set God's Works against God's Word. No real difficulty is shirked, 
and no sophistry is left unexposed."— TVt* Rock, 

" The remarkable peculiarity of this author is that he combines an unbounded admiration of 
science with an unbounded admiration of the Written record. The two impulses are balanced to 
a nicety ; and the consequence is that difficulties, which to minds less evenly poised would be set> 
ouS^ find isamediate solnuons of the happiest )dnds."—LottdoH Revitui. 
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DR. LARDNEW8 HANDBOOKS OF NATURA L PHILOSOPHY. 

THE HANDBOOK OF MECHANICS, Enlarged and almost re- 
-written by Benjamin Loswy, F.R.A.S. With 378 Illastrations. Post 8vo, 
6s. cloth. 

"The t>«rspicutey of Uie oiigtaal has been retained, and chapters which had become obsolete 
have been replaced by others of more modem character. The explanations throughout are 
studiously popular, and care has been taken to show the application of the %'ariotts branches of 
physics to the industrial arts, and to the practical business of hte,"—AtiHin£r yourtuU. 

"Mr. Locwy has carefully revised the book, and brought it up to modern requirements."— 
Naturt. 

' "Natural philosophy has had few exponents more able or better skilled in the art of popu* 
larlsfaigr th^ subject than Dr. LAidner ; and Mr. Loewy is doins^ good service in fittins^ this treatise* : 
and the others of the series^ for use at the present time."— kScotrmaM. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged, by Benjamin L.obwy, F.R.A.S. With 
. 236 Illustrations. Post Svo, 55. cloth. 

"For those 'who dedre to attain an accurate knowledge of phydcal science without the pro- 
found methods of mathcanwtiral inrestication,' this work is not meray intended, but well adapted.' 
—CMemicaJ News. 

" The volume before us has been carefully edited, augmented to nearl;^ twice the bulk of the 
former edition, and all the most recent itaatter has been added. . . . It u a valuable tezt*book." 
—JVaiure. 

"Candidates for pass examinations will find it, we think, spcdaUy suited to their requirements.' 
EHjfiisA MecJutnic 

THE HANDBOOK OF HEAT. Edited and almost entirely re- 
written by Benjamin Loewy, F.R.A.S., ftc. 1x7 Illustrations. Post 8vo, 6s. 
cloth. 

"The style Is always clear and precise, and conveys instraction without leaving any cloudiness 
or lurking doubts btidBd."'~£ni£ift€erift£r. 

" A most exhaustive book on the subject on which it treats, and is so arranged that it can be 

undentood by att who desire to attain an- accurate knowledge of physical science Mr. 

Leewy has included all the latest discoveries in the varied laws and effects of hKat."—Sta*tdard. 

"A complete and handy text-hook for the use of students and general readers."— £M^/irA 
Mtchanic. 

THE HANDBOOK OF OPTICS. By Dionysius Lardner,D.C.L.. 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
of University College, London. With 398 Illustrations. Small Svo, 448 
pages, 55. cloth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.** 
Mecfuutic s Mtigaxine, 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edit, by George Caret 
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 5s. cloth. 

" The book could not have been entrusted to anyone better calculated to preserve the terse and 
lucid style of Lardner, while correcting his errors and bringing up his work to the present state of 
•cientinc knowledge."— /^w^r Scietux Review. 

\* The above Five Volumes, though each is Complete in itself, form A Com- 
plete Course or Natural Philosopht. 



Dr. JLardner's Handhooh of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forminga Companion 
to the " Handbook of Natural Philosophy.** By Dionysius Lardner, D.C.L., 

(formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
100 Woodcuts. In One Vol., small 8vo, 550 pages, 9s. 6d. cloth. 

" Probably no other book contains the same amount of information in so compendioas and weil> 
I anaaged a form— certainly none at the price at which this is offered to the public."— >^/A«yttfMm. 

*< We can do bo other than pronounce this work a most vahaable manual of astronomy, and w« 
' strongly recommend it to all who wish to acquire a general— but at the same time correct— acquaint- 

I aace with this sublime admncm,"— Quarterly yourtuU ^ SeUttct. 

" One of -the most deservedly popular books tm the subject . . . We weiild recommend not 
I only the student of the elementary principles oi the sdence, but he wlio aims at mastering tli« 

hlgner and mathematical branches of astronomy, not to be without tliis work beside him,"' 
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DR. LARDHiH'S liUSEUM OF SCIENCE AMD ART. 



THE MUSEUM OP SCIENCE AND ART. Edited by 
DiOMTSius Lardnbk, D.C.L., formerly Professor of Natnrsl Philosophj and 
Astronomy in University College, London. With upwards of 1,900 sncrav- 
logs on Wood. In 6 Double Volumes, £1 xs., in a new and el^jsnt doth bind- 
ing ; or handsomely boond in half-morocco, 3M. 64. 

CoHtenis: 

The PtaiMts: An t1i«jr iDhabited Worlds f— 
Weather Prognos t ics — PopuJar Fallacies in 
Qosstions at Aysical Science— Latitudes and 
Loqgitudes — Lunar Influences — Meteoric 
Stones and ShootinirStars— Railway Accidents 
—LMit— Common Things: Air— Locomotioa 



wMdwm — ThennoMelaff «— Wew Planets: Li»> 
▼errier and Adams's Planet— Maftnitude and 
Minuteness— Coeunoa Things: The Almanack 
-^p r i callmagea How to o E s en r e the HeaTons 
— Common Things: The Looking-glass — 
Stellar UniTorse— The Tkle»— Colour— Corn- 



la the United States— Cometary Influenc es moo ThiiM;s: Man— MagnifyiiMr Cfa 

CommoB Things: Water— The Potter's Art— stinct and Intelligence— The Solar Microscope 
" —The Camera Ludda— The Magic Lantern— 



Common Things: Fire — Locomotion and 
TranqMxt. their Influence and Progress— The 
Moon- Common Things: The Eirth— The 
Electric Telegraph — Terrestrial Heat — The 
Sun— Earthquakes and Volcanoes— Barometer, 
Safety Lamp, and Whitworth's Micromctric 
Apparatus— Steam— The Steam Engine— The 
Eve — The Atmosphere — Time — Common 



The Cameim Obacura— The Microscope— The 
White Ants : Their Manners and Habits— The 
Surface of the Earth, or First Notions <k 
Geography— Science and Poetry— The Bee- 
Steam Navigation — Electro-Motive Power — 
Thunder, L^ktning, and the Aurora Borealis 
—The Printing Press— The Crust of the Earth 
-Comets— The Stereoscope— The Pre-Adam- 



Things : Pumps— Common Things : Spectaclei; 

Che Kaleidoscope — Clocks and Watches— to Earth— EcM |Ws Sound. 

Microscopic Drawing and Engraving— Loci^ I 

*,»* Opinions op thb Press. 

"This series besides affording popular but sound faistruction on scientific subjects, with which 
Che humUest man in the country ou^^ht to be acquainted, also undertakes that teaching of ' Com* 
moQ Things ' which every well-wisher of his kind is anxious to promote. Many thousand copies of 
this serviceable publication have been printed, in the belief ana hope that the desire for instruction 
and improvement widely prevails ; and we have no fear that such enlightened faith will moot with 
dKappointmenC*— rimes. 

" A cheap and interesting publication, alike informing and at tr ac tl re. The papers combine 
•objects of importance and great scientific knowledge^ considerable inductive powers, and a 
popular style oi treatment."— bS]9<cta/0r. 

" The ' Museum of Science and Art ' Is the most valuable contribution that has ever been 
■ukde to the Scientific Instruction <d every class of sodety."— Sir Davio Brbwstbr. in the 
NprtA BrMsM JUview. 

" Whether we consider the HberaUty and beauty of the OhisCrations^ the charm of the wilting, 
or the durable interest of the matter, we must express our belief that there is hardlv to be found 
among the new books one that would be weicomied by people of so many ages ana clswef as a 
valuable ^reseat."— Examiner. 

*«* Separate hooks fomud from the above^ suitable for Workmen's Libraries, 

Science Classes^ etc. 

ComtHon Things Eaepiained. Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 333 Illus- 
trations, cloth gilt, 5s. 

The Mieroseope. Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscopic Objects, the Solar Micro- 
scope, Microscopic Drawing and Engraving, Sec. 147 Illustrations, cloth 
gilt, ss. 

JPopular Qeology. Containing Earthquakes and Volcanoes, the Crust of 
the Earth, &c. soz Illustrations, cloth gilt, 2S. td. 

Popular PhyHes. Containing Msimitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, 25. 6d. 

Steam and ite Usee, Including the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, zs. 

Popular Astranmny. Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c. 182 Illustrations, 45. 6d, 

The Bee and White Ants : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, ss. 

The EHettrie Telegraph Popularised, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acauirements, the various 
iorms of Telegraphy in Actual Operation. 100 Illustrations, cloth gilt, 
u,6d. 
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COUNTING-HOUSE WORK, TABLES, etc. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c.y 
including also a Glossary of Terms and a large number of Specimen Rulings. 
B^ Emilb Garckb and J. M. Fells. Second Edition. Demy 8vo, 250 pages,, 
price los. 6d. strongly bound. [Just published, 

"One of the most important works ever published dealing with these matters. The authors 

have treated the subject from the standpoint of the factory, as practical men speaking to practical 

men, and not, as has been too often the case, as schoolmasters to schoolboys."— ^'i^c^H^visM. 

"Avery interesting description of the requirements of Factory Accounts. . . . the principle 

of assimilating the Factory Accounts to the general commercial books is one which we thorouj^y 

agree yritYi."—j4a»uHtants' youmal. 

" Characterised by extreme thoroughness. There are few owners of Factories who would 

not derive great benefit from the perusal of this most admirable -work."— Locai Gcwrnftuni 

ChronicU. 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages — English, French, 
German, Italian and Spanish. By Charles E. Baker. Crown 8vo, price 
about 55. [/m treparation. 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR; or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
Daniel O'Goriian. Corrected and Extended by J. R. Young, formerly 
Professor of Mathematics at Belfast College. Twenty-sixth Edition, care- 
fully Revised by C. Norris. Fcap. 8vo, 35. 6d. strongly half-bound in leather. 

" It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in 
commerce or manufacturing industry. It is crammed full of rules and formulae for shortening and 
employing calculations."— Aff^w/kuffv. 

" Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 
engaged in any Idnd of commercial transactions. "-^<»/f man. 

Modern Metrical Units and Systems. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. Bv Lewis D'A. Jackson, A.M. Inst. C.B., Author oi " Aid 
to Survey Practice, &c. Large crown 8vo, 12s. 6d. cloth. 

"The author has brought together much valuable and interesting information. . . . We 
cannot but recommend the work to the consideration of all interested in the practical reform of our 
weights and measutes." — Nature. 

"For exhaustive tables of equivalent weights and measures of all sorts, and for dear demonstra- 
tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 
treatise is without a AyHi^— Academy. 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at Resent 
in Use on the Continent. By C. H. Dowlino, C.E. 8vo, ios. 6d. strongly bound. 
" Their accuracy has been certified by Professor Airy, the Astronomer-RoyaL"— J9m tUer. 
"Mr. Bowling's Tables are well put together as a ready-reckoner for the conversion of one 
^stem into ibmwnet."—AtfututMm. 

Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION, For 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from IS, per cwt. to xx2s. per cwt., and from one farthing per pound to one 
shilling per pound. Each Table extends from one pound to xoo tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
oif Superficies and Solids, &c. : Tables of Weights of Materials, and other 
Useful Memoranda. By Thos. uownib. 396 pp., 9s. Strongly boana in leather. 
" A most usdkl set of tables and will supply a want, for nothing like them before existed."— 

" Amioughspedafly adapted to the Iron and metal trades; the tables will be found oseAil in 
•very other business in which merchandise is bought and sold by weight.''— ittftfawv ATnv/. 
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CaieuiiUar far Nufnbers and Weights Cwnhined. 

THE COMBINED NUMBER AND WEIGHT CALCU- 
LA TOR. Containing upwards of 3so»ooo Sepvato Calculations, showing at 
a glance the value at lai difierent rates, ranging from ^th of a Penny to aos. 
each, or per cwt.. and £» per ton, oi any number of articles consecutively, 
from I to 470.— Any numt>er of cwts., ars., and lbs., from i cwt. to 470 cwts. — 
Any number of tons, cwts., qrs., and Ids., from z to 23) tons. By William 
Chadwics, Public Accountant. Imp. 8vo, 301. strongly bound for Office wear 
and tear. 

i^ Tkit compreh€nsiv€ and entirely unique and original Calculator is adapted 
for the use 0/ Accountants and Auditors^ Railway Companies, Canal Companies, 
Shippers, Shtppinr Agents, General Carriers, etc. Iron/ounders, Brass/ounders, 
Metal Merchants, Iron Manufacturers, Ironmongers, Engineers^ Machinists, BoUer 
Makers, Millwrights, Roofing, Bridge and Girder Makers, Colliery Proprietors, etc. 
Timber MerchtuUs, Builders, Contractors, Architects, Surv^ors, Auctioneers. 
Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants ana 
General Wholesale Tradesmen. 

%* Opimions op ths Prsss. 

"The book '•''■**«*"f the answers to questions, and not simply a set of inradoos puzzle 
methods of arriving at fcsuhs. It is as easy of reCsrence for any answer or any number of answers 
as a dictionary, ana the references are even more miickly made. For malting up accounts (x^ esti- 
mates, the book must prove invaluable to all who nave any considerable quantity of calculations 
involving price and measure in any combination to do."— £ngituer. 

*' The most complete and practical ready reckoner which it has been our fortune yet to see. 
It b difficult to imagine a trade or occupation in which it could not be <rfthe greatest use^ either 
In saving human labour or in checking work."— 7'A< Af*//ler. 

** The most perfect work of the kind yet prepareiL"— <;/S(u;fViv Herald. 

CiymprehenHve Weight CtUciUator, 

THE WEIGHT CALCULATOR. Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from x lb. to 15 tons, at 300 Progressive Rates, from id. 
to x68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a smgle addition (mostly to be performed at 
sight), will afford an aggregate of 10,266,000 Answers; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Hbnry 
Harbsm, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
strongly half-bound, £1 $s. {Just published. 



A practical and useful work of reference for men of business generally ; it is the best of the 
una we have seen."— IronmoHtrtr. 

" Of priceless value to business men. Its accuracy and completeness have secured for it a 
npntation which renders it quite unnecessary for us to say one wofd in its praise. It is a necessary 
book in all mercantile offices."— ^SA<^«tf ItUtHndaU. 

Comprehensive IHsctPunt Guide* 

THE DISCOUNT GUIDE. Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
hj which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from x| to 
90 per cent.. Tables of Discount from 1} to 98I per cent., and Tables of Com- 
mission, &c., from i to zo per cent, fiy Hbnry Harbbn, Accountant, Author 
of" The Weight Calculator." New Edition, carefully Revised and Corrected. 
DemyBvo, 544 pp. half-bound, £t 55. 



** A book sudi as this can only be appreciated by badness men. to whom the savkig of time 

ins saving of money. We have the nigh authority of Professor T. R. Young that thie tables 

throughout the work are constructed upon strictly accurate principles. The work must prove 



means saving of money. We have the nigh authority of Professor T. R. Young that the tables 
throughout the work are constructed upon strictly accurate principles. The work must | 
of great value to merchants, manufacturers, and general traders."— ^HMrA IVade youmal. 

Iran Shipbuilders* and Merchants* Weight Tables. 

IRON-PLATE WEIGHT TABLES: For Iron Shif builders, 
Engineers and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150,000 different sizes of Iron Plates, from z foot by 6 in. by \ in. to 
zo feet by 5 feet by z in. Worked out on the basis of ^lo lbs. to the square 
foot of Iron of z mch in thickness. Carefully compiled and thoroughly Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblong 4to, 255. hali-bound. 
"This work will be found of great utility. The authors have had much practical experience 

of what is .wanting in making estimates; and the <i«e of the book «ill save much, time iumaking 

elaborate calculatioasi '^English Siechank. 
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INDUSTRI AL AND USEF UL ARTS. 

Soap'tnaking. 

THE ART OF SOAP-MAKING: A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, etc, Inclading many New 
Processes, and a Chapter on the Recovery of Glycerine from waste Leys. 
By Alexander Watt, Author of " Electro-Metallurgy Practically Treated," 
&c. With numerous Illustrations. Third Edition, Revised. Crown- 8vo, 
7$. 6d, cloth. 
"The work will prove very useful, not merely to the technologfical student; but to the practical 

soap-boiler who wishes to understand the theory of his art." — CJumical News. 

"Really an excellent example of a technical manuaX entering, as it does, tfaorousfhly and 

exhaustively both into the theory and practice of soap manufacture. The book is well andhonestly 

done, and deserves the considerable circulation with which it will doubtless vaseX."'—KturwUclg-e. 
"Mr. Watt's book is a thoroughly practical treatise on an art which has ahnost no literature in 

our langua^. We con|fratulate the author on the success of his endeavour to fill a void in English 

technical hterature."— Ao/Mre. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations ot Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex- 
plained, and many Recent Processes introduced; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of " Soap-Making,*' " Electro- 
Metallurgy," &c. With numerous Illustrations. Second Edition. Crown 
8vo, 95. clotlu Oust published, 

"A sound, comprehensive treatise on tanning and its accessories. The book is an eminently 

valuable production, which redounds to the credit ot both author and publishers." — CMetnical 

RevieTO. 

"This volume is technical without being tedious, comprehensive and complete without being 

prosy, and it bears on every page the impress of a master hand. We have never come across a 

better trade treatise, nor one that so thorouglily supplied an absolute ytajiV—Shot and Leather 

Traded ChranicU, 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING, A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 
Making, with a Description of the most approved Machinery employed. 
By John B. Leno, late Editor of St, Crispin, and The Boot and Shoe-Maker. 
With numerous Illustrations. Second Edition. Crown 8vq, ss. 6d. cloth. 

[Just published. 

" This excellent treatise is by far the best work ever written on the subject. A new woik, 
embracing all modem improvements, was much wanted. This want is now satisfied. The chapter 
on clicking, which shows now waste may be prevented, will save fifty times the price of the book " 
—Scottish Leather Trader, 

" This volume is reftlete with matter well worthy the perusal of boot and shoe manufacturers 
and expeiienced craftsmen, and instructive and valuable in the highest degree to all youug 
beginners and craftsmen in the trade of which it tteats."'-Lealher Trades' Circular. 

Dentistry. 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various hinds of Artificial Dentures. Comprising also Use- 
ful Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition, Revised. With upwards of 100 
Wood Engravings. Crown 8vo, 3s. 6d. cloth. [Just published. 

" The work is very practical."— Af^M/A^ Reifiew of Denial Surgery, 

" We can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
of dentistry, as welTas to every mechanical dentist."— ZTwd/ws yoHmal^ Medical Science. 

Wood Engraving. 

A PRACTICAL MANUAL OP WOOD ENGRAVING, With 

a Brief Account of the History of the Art. Bv William Norman Bkown. 

With numerous Illustrations. Crown 8vo, 25. cloth. 

" The author deals with the subject In a thoroughly practical and easy series of representative 
lessons."— At^cr and Printing Trades journal. 

" The book is clear and complete, and will t>e useful to anyone wanting to understand the first 
elements of the beautiful art of wood engraving. '•-Graphic 

Taper Making. 

A TREATISE ON PAPER; with an Outline of its Manufacture, 
Complete Tables of Sixes, etc. For Printers and Stationers. By Richardson 
Parkinson. 8vo, 3^. cloth ; as. 6d. paper wrapper. 
" An admirable handbook by a man who uaoeritaads his subject"— iVMSerr* Register, 
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LOCKWOOD'8 HAHDY BOOKS FOR HANDICRAFTS. 

13* Thtu Handyhooks are writUn to supply Handier aftsmen mith informo' 
turn OH workshop practice, and are intended to convey, in plain language, technical 
knomledge of the several crafts. Workshop terms are uud, and workshop practice 
deuribed, the text being freely illustrated with drawnngs of modem tools, appliancss 
and processes, uuful altke to the young beginner and to the old hoftd, whose range 
of experience has been narrowed under a system of divided labour, as well as to 
amateurs. 

The following Volumes are already published. 



Metal Turning. 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Foot-Lathe: Embracing Information on the Tools, 
Appliances and Processes employed in Metal Taming. By Paul N. Has- 
LUCK, A.I.M.E., Author of ** Lathe- Work." With upwards of One Hundred 
Illustrations. Second Edition, Revised. Cr. 8vo, u. cloth. [Just published. 

*' AbogetKer adminbty adapted to initiate students into tlie art of tsaidng."'~Ltiaster Post. 

** Cleariy and concisely written, escdlent in every way, we heartily commend it to afl interested 
In metal tnminf."— ifArAaMioi/ U^arU, 

" With the assistance of a derer master, a dear and Tivld expounder, and an abundance of 
Dhnuatioos, the work lets handicraftsmen know what are the resources of the turning-lathe and how 
these may be dereloped."— Z>«Mi^ Advertiser. 

Wood Turning. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Lathe : Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck, A.I.M.E , 
Author of *« Lathe- Work." "The Metal Turner's Handybook," &c With 
upwards of One Hundred Illustrations. Crown 8vo, 2s. cloth. [Just published. 

" The Tolume is well and clearly written in a ludd style, and all the instructions are fiiliy fifiven. 
It will be found of grrnt value to workmen amd amateurs, and forms a safe and reliable guide to 
every branch of the Uthe manipulation." — Carpenter and Builder. 

" An excellent manual for workers at the lathe. "^^/ox^cnv Heratd. 

"We recommend the book to young turners and amateurs. A multitude of worlunen have 
hhherto sought in vain for a manual of this special voAnx^tri:' -"Mechanical World. 

Watch Mepairing. 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing and Adjusting, Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Watchwork. By Paul N. 
Hasluck, A.I.M.E., Author of «* Lathe-Work," "The Metal Turner's Handy. 
Book." "The Wood Tumer*s Handybook," &c. With upwards of One 
Hundred Illustrations. Crown 8vo, 2S. cloth. [Just published. 

" Written in a clear style exactly suited to beginners and tmateurs. We heartily recommend 
it."— Practical Engineer. 

" We recommend it to craftsmen in watchmaking as a useful and weD-written grammar of their 
att."— Scotsman, 

" All young persons connected with the trade should acquire and study this excellent, and at 
the same time, inexpensive wotk."'^lerkenwell Chronicle. 

Pattern Making. 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual, embracing Information on the Tools. Materials and Appliances em- 
ployed in Constructing Patterns for Founders. By Paul N. Hasluck, 
A.I.M.E. With One Hundred Illustrations. Cr. Svo, 2S. cloth. [Just published. 

" Mr. Hasluck's ' Lathe Work ' and kindred productions have acquired a hi? h reputation. 
His new volume, * Pattern Making,' contains invaluaole advice, and furnishes the stuoiotts worlcnian 
with a very lame amount of practical information."— Z.Ai'W'x News. 

" Especially useful to the banner. We commend It to all who are interested in the counsels 
it so ably girt^"— Colliery Guardian. 

"This handy volume contains sound information of considerable value to studmts and 
artificers."— /fartfZMtr« Trade youmal. 

Mechanical Manipulation. 

THE MECHANIC'S WORKSHOP HANDYBOOK, A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda. 
By Paul N. Hasluck, A.I.M.E. Author of *• Lathe-Work," « The Metal 
Turner's Handyboek," ** The Wood Turner's Handybook.*' ftc. Crown 8vo, 
as. cloth. ijutt r'-ady 
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Electrolysis of Gold, Silver, Copper, etc* 

ELECTRO-DEPOSITION: A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys, With descrip- 
tions of Voltaic Batteries, Magnet and Dynamo-EIectnc Machines, Ther* 
mopiies, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on ELECTRO-METALLURGY, BjAlbz- 
AHDSR Watt, Author of ** Electro-Metallurgy/' &c With numerous Illus- 
trations. Second Edition, Revised and Corrected. Crown 8vo, 9s. cloth. 

IJust published, 

"Eridenthr written by a practical man who has S];>eiit a lonff period of time in electro-plate 

workshops. The information given respectinsf the details of worlahop manipulation is remarlcably 

complete. . . . Mr. Watt's boolc will proTO of fpeat Tahie to electnMiepositon* JeweUeni and 

various other workers in metal." — NeUurt, 

" Eminently a book for the practical worker fai electro-depodtkm. It contidns minute and 
practical descriptions of methods, processes and materials as actually pursued and used in the 
workshop. Mr. Watt's book recommends itself to all interested in its sulyects."— ^»tfMM«r« 

Electro-MetaUurgy, 

ELECTRO-METALLURGY : Practically Treated, By Alexander 

Watt, F.R.S.S.A. Eighth Edition, Revised, -with Additional Matter and 

Illustrations, including the most recent Processes. i2mo, 3s. td. cloth boards. 

"From this book both amateur and artisan may learn ererythlns necessary for the successflil 

prosecution of electroplatinj;."— /rv/c 

EHectr opiating. 

ELECTROPLA TING : A Practical Handbook. By J. W. Urqu- 
hart, C.E. With numerous Illustrations. Crown 8vo, 55. cloth. 
** The information pven appears to be based on direct penonal knowwdge, • . • Iti tdenoe 
b sound and the style is always deu.'—At/utuatm, 

JEHectrotj/ping. 

ELECTROTYPING : The Reproduction and Multiplication of Prints 

ing Surfaces and Works of Art by the Electro-deposition of Metal*, By J. W. 

Urquhart, C.E. Crown 8vo, 35. cloth. 

**The book is thoroughly practlcaL The reader Is; therefbrob conducted throogli die leading 
laws of electricity, then through the metals used by electrotypers. the apparatus^ andithe depositfaig 
processes, up to the final preparation of the work."— ^rf Jwtmal, 

** We can recommend this treatisflb not merely to amateurs; but to those actuaQy engaged In the 
tndm.'—Cfumicai News, 

Goldsmiths' Work. 

THE GOLDSMITH'S HANDBOOK. By Gborgb E. Gbb. 
Jeweller, &c. Third Edition, considerably Enlarged. lamo, 3s. Sd, cloth 
Doards. 

** A good, sound, technical educatoi; and will be genenlly accepted as an authority. It esacdy 
lUIfils the purpose inteadMi."—/Iorol«gicai'yourna/. 

"Will speedily become a standard book which ftw wOl care to be without."— 5ta«tf(r mmi 
Metalworter. 

Silversmiths' Work. 

THE SILVERSMITH'S HANDBOOK. By George E. Gbb, 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations. lamo, 
35. 6d. cloth boards. 

" The chief merit of the work Is Its practical character. . . . The workers la the trade wfll 
epeedily discover its merits when they sit down to study \!L''—EHgUsh Mtchanic. 

" This work forms a vahiable sequel to the author^ 'Goldsmtth's Handbook.' "SihursmUhM 
TratU youmal. 

*«* The above two works together, strongly halj-bound, price 7s. 

Textile Manufacturers' Tables* 

UNIVERSAL TABLES OF TEXTILE STRUCTURE. 

For the use of Manufacturers in every branch of Textile Trade. By JosxPB 

Edmondson. Oblong folio, strongly bound in cloth, price 75. M, 

MSr The principle on which the tables are founded is well known, and much 

used in the mnslin manufacture, but the intricacy of the calculations hitherto 

required {especially where warp and weft differ in counts and in the closeness of thg 

threads) has prevented its general aptlicatxon. By these tables a U the adjustments 

may be made without calculation, mere references to the propsr places bring out 

the required information. 

" Immense labour has been be st owed on the work by the author. Tl\e tables are adaptea te 
every mode of numbering yams and aettii and apply to all tiie.branches of textile manufacture^**-- 
TtxtiU Recorder, 
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Horology. 

A TREATISE ON MODERN HOROLOGY, in Thioty and Prac- 
tie*. Tran&Iated from the French of Claudius Saunibm, ei-Director of tht 
School of Horology at Macoo, by TuLnH TuprLiN, F.R.A.Sm Besaocoa 
Watch Manafacturer, and Edward Rioo, MJL, Atsayer in the Royid Mint. 
With Seventy-eight Woodcnti and Twenty-two Coloured Copper Plates 
Second Edition. Saper-royal 8yo, £2 as. cloth, £t los. half<ali. 

**There Is no horoloclcal work In tbo Fngliih lancnago at aD to b« conparad to tUa pcodue- 
tioo 9i M. Saunter's for cUaraesa and comptocanaa. It b alika good as a gnido for th« stndeatand 
as a refer enco for tha experienced horologist and skilled workman. "^/forv^^'Kn/ J^aurmM/. 

" The latest, tlae most complete, and the most rdiable of those literary prodtictions to whkk 
continental watchmakers are indebted for the mechanical superiority ever tneir English brethren 
—in isct, the Book of Books, b M. Saunier's 'Treatise."'— if^si^moitfr. ytweUtramlSitversuiitA, 

" This magnificent treatise is one of the most valuable and comprebenuve contributions to the 
IteiatBre of horological art and scieaca ever prodoced, and cannot be too bicrhly commended. It 
to a parCict cyctopaedia of watch and dockaakiaff."— r^ika C«v€ntry IVmUh and CiodkmaJUr. 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saumisr, and consider- 
ably Enlarged by Julibn Tripplin, F.R.A.S.| Vice-President of the Horologi- 
cal Institute, and Edward Rigo, M.A., Assayer in the Royal Mint. With 
Numerous Woodcuts and Fourteen Copper Plates. Second Edition, Revised. 
With Appendix. Crown 8vo, 9s. cloth. \JuU published, 

*' Each part is tnihf a treatise in itialt The amaganant b ffood and the langnaga to clear and 
concise. It b an admirable guide for the young watrhmakar.**— ir»yfa«erfay. 

" It to impossible to speak too higlily of its excdlenoa. Ik fiiUSta erery requirement in n hand- 
book intended for tha nsa of a voskman. Shoidd ba Aoad la avaqr wockshop."»/f'a«cA 4tMd 
Clockmaktr. 

" Thb book contains an Immense number of practical detalb beaiiiy on tha daihf occapatioa 
of a watchmaker, and it will ba found of graat use to aa army of wottaab**— l^«*M«NMiir m$mi 
JMWtoMcivr (Cklc^D). 

OHBMIGAXi MANUFAOTUBES ft COMMERCE. 



The Aikali Trade, Sulphuric Acid, etCm 

A MANUAL OP THE ALKALI TRADE, including tho 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and London. 
With aaa Illustrations and Working Drawings, and containing 390 pages of 
Text. Second Edition, with Additions. Super-royal 8vo, £i los. cloth. 

"Thb book b written by a mamiflictaiar for manuflMtniaia. The workfac dataito of the most 
approved forms of appantus are giTon. and these are accompanied byno less than n«i wood en* 
grSTings, all of wUch may be used for the purposes of construction. JEvery step in tne manufacj 
ture b very fully described in tlib manual, and each improvement explained."— ^<A«MrMJM. 

" The author b not one of tboaa darer compHars who, on short notice, will 'read up ' any conceiv. 
able subject, but a practical man in the best sense 01 the word. We find here not merely a sound 
and lummous expluiation of the chemical principles of the trade, but a notice of numerous matters 
which have a most important bearing on the successful conduct of alkali work^ but which are 
generally overlooked by even Uia most experienced technological authors."— CAon^co/ Rtviev. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS.' By Herbert 

Edwards Wright, B.A. Crown 8vo, 35. 6d. cloth. 

** Thb Uttle volume, containing such a brge amount of good sense in so soaaU a compass, ought 
to recommend itself to evety brewery pa^iir—StTwtr^ Luardi€ut, 

Commercial Chem^ical Analysis* 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA. 
LYSIS; or, Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and in the 
Arts. By A. Normandy, Editor of Rose's "Treatise on Chemical Analysis.** 
New Edition, to a great extent Re-written by Hbmry M. Noad, Ph.D., 
F.R.S. With numerous Illustrations. Crown 8vo, zss. 6d, cloth. 



We stronfifly recommend thb book to our readers as aguida^ alike indiq>aasabla to the '. 
wife as to the pnarmaceutical practitioner.'*— AfAf^te/ Tinut, 

"Essentisl to the analysts appointed under the new Act. Tba most ceonk rasulta aiaghaa^ 
asd the -MKk b wan adtiad and asisAiBy wiittin.''-MifSMmi 
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lyye-Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES : Their 
Properties, Applicatums, Valnatum, Impurities, and Sophistications, For the 
use of Dyersj Printers, Drysaltery, Brokers, &c. By J. W. Slatbr. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s, 6d, cloth. 
, " A complete encyclopaedia of the matetia Hftctoria. The faifonnation given respectinir each 

lurticle is full and precise, and the methods of determining the yalue of arodes such as theses so 

fiable to sophistication, are given with clea rn ess^ and are practical as well as Yaluable."— CA<mif/ 

•Hd Druggist, 

" There is no other work which covers precisely the same ground. To students preparing 

for examhiatU»s in dyeing and printing it will prove exceedingly ustM.''—CMem{eaI News, 

Pigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non-Permanency, and Adul- 
terations; Effects in Combination with Bach Other and with Vehicles ; and 
the most Reliable Tests of Purity. Together with the Science and Arts 
Department's Examination Questions on Painting. By H. C. Standagb. 
Second Edition, Revised. Small crown 8vo, 25. 6d. cloth. [Just published, 
"This work is indeed multum-in-parvo, and we can, with good conscience, recommend It to 

all who come m conUct with pigments, whether as makers, dealers or users."— CA^mihi/ Review. 
"This manual cannot fail to be a very valuable aid to all painters who wish tbdr work to 

endure and be of a sound character ; It is complete and comprehensive."— ^^eeto/or. 

" The author supplies a great deal of very valuable information and memoranda as to the 

chemical qualities and artistic effect of the principal pigments used by painters."— £»i£An 

Oanging, Tables and Rules for Mevenus Offlcers, 

JiretaerSf etc. 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Manx (Inland Revenue). Oblong i8mo. 4s. 
leather, with elastic band. [7«s< published, 

" TUs handy and useful book is adapted to the requlmnents of the Inland Revenue Depart- 
ment, and will be a favourite book of reterence. The range of subjects is comprehenstve, and the 
arrangement simple and dear."— C#i/^te«. 

** A most useful book. It shouki be In the hands of erotr pnctlcal bf«wer."-^>v««ri' 
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Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrosb McConnell, 
Fellow of the Highland and Agricultural Society ; late Professor of Agricul- 
ture, Glasgow Veterinary College. Third Edition. Royal samo, fuU roan, 
gilt edges, with elastic band, 4s. 
" Th most comolete and comprehensive Note-book for Farmers and Farm Students tliat we 

have seen. It literally teems with information, and we can cordially recommend It to all connected 

with agricvitvire."- North British Agriatlturist. 

Touatt and Bum's Complete Chraaier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT, A Compendium of Husbandry; especially in 
the departments connected with the Breeding, Rearing, Feeding, and General 
Management of Stock ; the Management of the Dairy, &c. With Directions 
for the Culture and Management of Grass Land, of Grain and Root Crops, 
the Arrangement of Farm Offices, the use of Implements and Machines, ana 
on Draining, Irrigation, Warping, &c. ; and the Application and Relative 
Value of Manures. By William Youatt, Esq., V.S. Twelfth Edition, En- 
larged by Robert Scott Burn, Author of " Outlines of Modem Farming," 
" Systematic Small Farming," &c. One large 8vo volume, 860 pp., with 244 
Illustrations, £1 is. half-bound. 

■' The standard and text-book with the farmer and grader."— ^orwwrv MagoMUte, 
*'A treatise which will remain a standard work on the subject aa long as British agriajltura 
madans.'—MarA Lane Exf^rtss (First Notice). 

" The book deals with all departments of agrfcaltura, and contains an hnmenae amount of 
valuable information. It is, in fact, an encydopaecUa of agriculture put into readable form, and It 
b the only work equally comprebenrive brought down to present date. It is excellently printed on 
thick paper, and stroni^ly bound, and deMrves a place in the library of erery agridUtunst."— itfiwil 
10m Bxfress (Second Notice). 
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Hour Manufacture, MiUing, etc 

FLOUR MANUFACTURE: A Treatise on MUling Science 
•nd Practice. Bt Pmbdkich Kice, Imperial Regienmgtrath, Profesaor of 
Mechanical Technology In the Imperiftl German Poortechnic Inatttnta, 
Pragne. Ttanslated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs. Aisoc Ifemb. Institntion of Civil Bn- 
fineert. Nearly 400 pp. Utmtrmtea with a8 Folding PUtea, and 167 Wood- 
cuts. Royal 8vo, as** cloth. [Just published, 
* ThtoTahublevorklisaiidwOraaMla, 11m standard aBthoritT OB the adence of milBng. . 
Tho airfller who has read and digested thla work wfll have laid the foondation. so to speak, oif a snc- 
ceaftd career ; he will have acquired a number of feneral prtedples which he can p n ctmd to 
apply. In thb handsome vdiune we at latt hare the accepted test-book of modem Billni(^insQOd« 
sound Eaglikh. which has Utile. If any. trace of tho Geman fafionL''.-7'A« Alii/er 

- Profesior Kick treats the snbiect ao thorooghhrtioth 00 ks thaoraiical and practical aUas that 
Ua work b well suited to lie a text nook of technical educatkin a nyw here.'*— ^Sffltr^>MW». 

** The appearance of this celebrated woric la EafHsh la venr opportune, and Britidi aJlen 
vO, w are sore, not b« slow in avaiUag thfeoMahraaarks pagtMr—MHUr^ Gtuuta. 

SmaU Farming, 

SYSTEMATIC SMALL FARMING: or. The Ussons of my 
Farm. Being an Introdaction to Modem Farm Practice for Small Fanners 
in the Culture of Crops ; The Feeding of Cattle ; The Management of the 
Dairy, Poultry and Pigs ; The Keeping of Farm Work Records ; The Ensilagis 
System, Construction of Silos, and other Farm Buildings; The Improve- 
ment of Neglected Farms, ftc By Robert Scott Bukn, Author of ** Ont* 
lines of Landed Estates' Management," and ** Outlinea of Farm Manafe* 
ment,*' and Editor of '* The Complete Grasier.*' With numerous Ulustrations, 
crown 8vo, 6s. cloth. 

*'This is the completest book of lis daas we have saon. and one wlildi etary aauitaar fa ram 
«D mad whh pleasure and accept as a guide.*— ^ie/u;. 

"Mr. Scott Bomls paces are aevereiy practlcaL and the toaa of the practical man is fall 
throii|^iont. The book can anly prove a treasure of aid and mgigeition to the amaO ftnaor of 
Intelheence and taergr.'—BrUisA QuarUriy Review, 

"The Tolarae contains a vast amount of useful faifbrmatlan. No branch of tealBg is left 
ontooched. from the labour to be done to the rsralti acUered."— ir/omvsr UermUU 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Cropa^Farming and Farming Economy — Cattle^ Sheepu 
and Horses— Management of the Dairy, Pigs and PouItry^Utilisation el 
Town-Sewage, Irrigation, ftc. Sixth Etutioo. In One Vol., 2,250 pp., half- 
bound, profusely Illustrated, las. 
**The aim of the author has been to make his work at onoa eomprdtendTO and tru st iro i t hy, 

and in this aim he has succeeded to a dflgiee which entitles him to much credit."— itf'tfrw^Pir 

Mmvemter, 

** Eminently calculated to enlifhten the acrlcultural community on the Tailed snldects of 

irillcfa it treats, and hence it should find a place in every farmer's library."— Cs(y iVccr. 
"No fanner should be without this book.**— AM^Mry GumrdiaH, 

Agricultural Engineering, 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF, 

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roaa&, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
atruction, with Plans and Estimates; Bam Implements and Machines ; Field 
Implements and Machines ; AgrictUtural Surveying, Levelling, &c. By Prof. 
JoHH Scott, Editor of the Farmers* GasetU, late Professor 01 Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, ftc. ftc* 
In.One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 12s. 

** Written with great care, as well as with knowledge and ability. The author has done hit 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— Afarik Lane Exprtss. 

" For a young agriculturist we know of no handy vohiaM M> likely to be more usefiifly studied.* 
'^BeiPx Weekly Messer^er. 

JEhiglish Agriculture, 

THE FIELDS OF GREAT BRITAIN: A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). x8mo, 2s. 6d. cloth. 

*' A most comprehensive volume, giving a mass of Information." — Afrricuttural BeonomUt. 
"It b a long time since we have seen a Look which has pleased us more, or which oontalaa 
soch a vast and useful fund of knowledge."— AfMairu?«ia/ Times, 
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Farm and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS, 
A Practical Treatise, presenting, in Three Plans, a Svstem adapted to all 
Classes of Farms. By Johnson M. Woodman, Cbarterea Accountant. Crown 
8vo, 35. 6d. cloth. 

"Will be found of great asastance by those who faitend to commence a system of book-keep- 
ing, the author's examples beings dear and exphdt, and his explanadoos, while full and accuiatfl^ 
bein; to a large extent free from technicalities."— Z.tzv Slodk youmai. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of Uie 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 
plete Record of the Farming Operations. By Johnson M. WoodmaNi 
Chartered Accountant, Author of "Book-keeping for Farmers." Folio, 
ys. 6d, half-bound. 

"Contaiiis every requisita onn for keq;>iii£ fiirm accocnts readily and accnrately "—Agr^ 
culture. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN; or, How to Grow Earljr Fruits. 
Flowers, and Vegetables. With Plans, and Estimates for Building Glass* 
houses, Pits and Frames. Containing also Original Plans for Double Glazing, 
a New Method of Growing the Gooseberry under Glass, &c. &c., and on Venti- 
lation, Protecting Vine Borders, &c. With Illustrations. By Samukx. Wood, 
Crown 8vo, 35.6^ cloth. 

" Mr. Wood's book is an original and exhaustire answer to tile question *How to Grow Eaz|f 
Fruits, Fk>w«rs and Vegetables t^ "—Land and Wattr, 

Good Gardening. 

A PLAIN GUiDE TO GOOD GARDENING ; or, How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. 
Third Edition, with considerable Additions, &c., and numerous Illustrati<»is. 
Crown 8vo, 55. cloth. 

** A very good biDok, and one to be highly recommended as a practical guide." — Athetutwn, 
** May be recommended to young gardeners, cottagers, and specially to amateurs, for the ptada 
and trustworthy information it gives on common maXXiexs."—Gard£furs' CkronicU. 

Gainful Gardening. 

MULTUM'IN-PARVO GARDENING; or. How to make One 
Acre of Land produce ^620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers m Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samuel Wood, Author of " Good Gardening," &c. 
Fourth and cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 

"We are bound to recommend it as not only suited to the case of the amateiir and gentlemanli 
gardener, but to the marlcet grower."— Gardaurs' Mag€unH€» 

Gardening for Ladies. 

THE LADIES* MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs' Complete Guide, With Illustrations. By Samuel Wood. 
Crown 8vo, 35. 6d. cloth. 
** FuB of shrewd hints and useful instructions* based on a lifetime of experience."-nSe0/»M«i«. 

Receipts for Gardeners. 

GARDEN RECEIPTS, Edited by Charles W. Quin. i2mo, 
IS. 6d. cloth limp. 
"A useful and handy book, containing a good deal of valuable information."— ^/Aciumiw. 

EMchen Gardening. 

THE KITCHEN A ND MA RKET GA RDEN. By Contributors 
to " The Garden.'* Compiled by C. W. Shaw. lamo, 3$. 6d. cloth boards. 
** The most valuable compendium of kitchen and market-garden work publuhed.'*^^0rm«r. 

Cottage Gardening. 

COTTAGE GARDENING: or, Flowers, Fruits, and VegetabUs for 
Small Gardens. By E. Hobday, izmo, is. 64. cloth l.mp. 

** Contains much useful information at i small chaTgii."—Gias^ow Hentld. 
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Hud$on*s Land Valuer's Pocket-Book, 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 

OD a venr mach Improved Plan, for Calculating tha Value of Batatas. With 
Tables (or reducing^Scotcb, Irish, and Provincial Coatomary Acres to Statute 
Measure, &c. By R. Hudson, C.B. New Edition. Rojal 33mo, leatlzer, 
elastic band. 41. 
"Thb new «diUoa Inchidat tables for ascrrtaintaff the vekie of leeaat fe« Maj term of jreeni 



"Tnis new eattioa tncniMt taoies for ascrrtatnnff tne vaaie or laaaae ret aaj verm or jreeni 
■ad for ahowiiw how to lay out plots of eround of certain mam In Carai% MiBare^ loiuul, Ac^ with 
vahiable rules Jot ascertamlnr the probable «orth of standing timber to any amount: and ia of 
Incaloilable tahie to the countiy gentleman and professional maa.*— /vermcrx yimrwef. 

ESwari's Land Iniproi'er*8 JPocket-Book. 

THE LAND IMPROVERS POCKET-BOOK OF FORMULM^ 
TABLES and MEMORANDA reanired in any Om^miaHon relating to ths 
Permanent Improvement of Landed Property, By Johm Kwart, Land Surveyor 
and AgrictUtural Engineer. Second edition. Revised. Royal samo^ oblong, 
leather, gilt edges, with elastic band, 4s. 
"A compendious and handy little rolume."— 5MdMw. 

iJomplete AgrictUtural Surveyor's Pocket-Bookm 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, ys. 6d, 
** Hudson's book to the best ready-reckoner on matters rdating to the vaktaHoa of land and 



craps, and iu combination with Mr. H wart's work greatly enhances the vahie and osefufaiMB of ibe 

lualforn ' 



latter-mentioned. ... It to most useful as a manual for lafemice^"— iVirrM ^England Fe 

Auctioneer's Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, for the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, dec. By Torn WRBKi.KJt, 
Valuer, &c. Fifth Edition, re-written and greatly eztenoed by C. Norxis, 
Surveyor, Valuer, &c. Royal 32010, 5s. cloth. 

** A neat and condse book of reference, cowtalatng an adoilrable tad c l a at|y^iiaM« |iB d Bst ot 
prices for inventories, and a very practical guide to determine the vahw of fiimituro,4c'*— Stmiulmnt, 

" Contains a large quantity of varied and useful Information as to the Tslnatioo for purdmas^ 
sale, or renewal of leases, anauities and reversions, and of property generally, with prices iav 
Inventories, and a guide to determine the value of interior fittings and ouer offsets."— 'Awtftfar. 

Auctioneering. 

AUCTIONEERS : Their DuHes and LiabUitUs. By Robert 

Squibbs, Auctioneer. Demy 8vo, xos. 6d. cloth. 

"The position and duties of auctioneers treated compendiaasly aad cleuty.''-^BM<fi<in 
*' Every auctioneer ought to possess a copy of this excellent woric."— /r»»iMMvi>^ 
" Of great value to the profession. . . . We readily welcome this book from the ftct tfist k 
treats the subject in a manner somewhat new to the profession.**— ^£raiter GiureUe. 

Legal Guide for Patmibrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES, With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. FoLKARD, Esq., Barrister-at-Law, Author of *' The Law 
of Slander and Libel," &c. With Additions and Corrections to 1876. Fcap. 
8vo, 3s. 6d. cloth. 

" Thto work contains simply everything that requires to be known co nc erning the department 
of the law of which it treats. We can safely coounend the book as unique and very nearly perfecC'* 

*' The tadc undertaken by Mr. FoDcard has been very satislhctorlly performed. . . . Sncfa «s- 
planations as are needful have been supplied with great deamesi ana with due regard to bravita,* 
Citr Prtss. 
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Mtnv to Invest* 

HINTS FOR INVESTORS : Being an Explanation of the Mode 
of Transacting Business on the Stock Exchange. To which are added Com- 
ments on the Fluctuations and Table of Quarterly Average prices of Consols 
since 1759. . Also a Copv oi the London Daily Stock and Share List. By 
Wai,ter M. Playford, Sworn Broker. Crown 8vo, 25. doth. 
*' An fainduable galda to iwnalton and speculators."— ^mZ/umM; 

Metropolitan Mating Appeals* 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885 
By Edward Rydb and Arthur Lyon Rvde. Fourth Edition, brought down 
to .the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
x86g, and an Appendix by Walter C. Ryoe, oi the Inner Temple, Barrister- 
at-Law. 8vo, 16s. cloth. 

** A useful work, occupvins^ a place mid-way between a handbook for a lawyer and a guide to 
the sunrej^or. It is compilea by a gentleman eminent in his profession as a land agent» whose spe- 
tialty. it IS acknowledged, lies in the direction of assessing property for rating purposes."— ZaM^/ 
Agatt^ Record, 

House Property . 

. HANDBOOK OF HOUSE PROPERTY. A Popular and Practical 
Chiide to the Putchastt Mortgage^ Tenancy, and Compulsory Sale of Houses and 
Land, including the Law of Dilapidations and Fixtures ; with Examples of 
all kinds of Valuations, Useful Information on Buildings, and Suggestive 

•,< • Elucidations of Fine Art. By £. L. Tarbuck, Architect and Surveyor. 
Fourth Edition, zamo, 55. cloth. [3^<m^ published^ 

**Tlie advice b thoroos^jr practicaL' •-Z^nv ^tuim^l, 
llHis tea weO-writteQ and thoushtfiil woric We commend the work to the careftil study of aO 

IpMbamted in questions affecting houses and land."— Z«m/ Agenti Rtcord (First Notice). 

"Carefiilly brought up to date, and much improved by the addition of a division on fine art." 

r-ZMHd Agents Record (Second Motic^ 

Inwood^s Estate Tables* 

. TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, etc,, and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies^ 
for Terms oi Years certain, and for Lives j also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c. ; together with Suart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Imwooo. aand Edition, with considerable 
Additions^ and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest oi Money, Discount, Annuities, &c., by M. Fbdor 
' Thom AN, oi the Soci^t^ Cridit Mobilier of Paris. x2mo, 85. cloth. 

"Those interested in the purchase and sale of estates, and in the adjustment of compensation 
ssses, as well as in transactions in annuities, life insurances, &c„ will find the present edition of 
•Bkinent WHrfiiot,''-~BngiHeering, 

" ' Inwood's Tables ' still maintain a most enviable reputation. The new issue has been enriched 
by faurge additional contributk>ns by M. Fedor Thomau, whose carefully arranged Tables cannot 
^ to be of the utmost utility."— Afchtfytf- Journal, 

Agricultural and Tenant-BiglU Valuation. 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S 
ASSISTANT, A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right- Valua- 
tions, Scales of Compensation under the Agricultural Holdings Act, 1883, 
&c. &c. By Tom Bright, Agricultural Surveyor. Author of "The Live 
Stock of North Devon," &c. Crown 8vo, 3s. 6d. dotn. ZJust published. 

" FuD of tables and examples in connection with the valuation of tenant-right, estates; labour. 
OMitents, and weights of timber, and farm produce of all kinds. The book Is wdl calculated to 
■ttist the valuer in the discharge of his daty,*-~-Agricuitura/ GastUt, 

** An eminently practical handbook, fhll of practical tables and data of undoubted interest and 
value to surveyors and auctioneers hi preparing valuations ot all kinds.*— Farmer. 

" Shows at a glance the vaJue of tend, crops, and the cost of seeding, harvestlnar. Ac &c It 
f. really practical and useful handbook, for whkb we anticipate a very largo 9iSe,"~'R(ading 
tlrcury. 



i. 



40 CROSBY LOCK WOOD S' SON'S CATALOGUE. 

A Complete Epitome of the Laws of this Counhr^^ 

EVERY MAN'S OWN LAWYER: A Handy-book of tha 
Principles of Law and Equity. By A Barrxstss. Twenty-fifith Editioo. 
Reconstructed, Tboroogbly Revisca, and much Enlarged. Brought down to 
the end of last Session, and including careful Digests of— Corotun Act, zS87f 
Probation of First Offenders Act,iW7i Margannt Ad, 1887; AgricuUuni 
Holdings (England) Ad, 1883 ; Cottage Gardtns {CompauatioH for Cro^) Ad, 



1687: Sankttijbtcy Ad, ikSi ; AUotnunts Ad, 1887 ; Merchandiu Trade Mark* 
Adt 1887; Truck Atnendmcni Ad, 1887; Water Compama {Regulatum c^ 
Powers) Ad, 1887 ; Registration 0/ Deeds of Arrangements Ad, 1887. Crowa 
8vo. 684 pp.. price 6f. M. (saved at every coBSoitatioiil), strongly bound ia 
doth. [Jn$tpubluh€d, 

VTHB BOOK WILL BE FOUND TO COMPRISB (AMONGST 
OTHER MATT£R>- 

THB Rights and Wrongs of lNDiviDUALS->MBRCAirnLB and Commbkciai. Law 

—PARTNERSHIPS, CONTRACrS AND AGRBBMRNTS — GUARANTBBS. PRINCIPALS AND 

ACPNi-s— CkUfiNAL Law— Parish Law— County Court Law— Came and Fishbry 
Laws— Poor MhN's Lawsui.s— Laws op Bankruptcy— Wagers— Chbques; Bilxs 
and Notes— Copyright— Ellctions and Registration— Insurancbt-Libei. and 
SL.ANDbR— Marriage and Di\urcb— Merchant shipping— Mortgages— Sbttlb> 
MUNIS— Stock Exchange practice— Tradb Marks and patents— Trespass— Nut 
sancbs— Transfer of Land- wills. &c &c AJio Law for Landlord and tenant 
—Master and Servant— Heirs— Devisebs and Legatees— Husband and Wifb^ 

BXBCUTORS and TRUSTEES— GUARDIAN AND WARX>— MARRIED WOMEN AND INFANTS 
— LiiNDBR, BORROWER AND SURETIES- DEBTOR AND CRBDITOR- PURCHASER AND 

VENDOR— companies—Friendly Societies-Clbrcymen— churchwardens— Mbou 
CAL PRACTmoNER^-BANKERs— Farmers— contractors— Stock brokers— Sports> 
MKN— Gamekeepers— Farriers- Horse Dbalbrs— Auctioneers— Housb Agbnts— 
Innkeepers-Bakers— Millers-Pawnbrokers— surveyors F i it ways and Cai^ 
Ri&RS— Constables— Sbambn—soldibrs. ftc. *c 

9Sr The following subjects may be meutUmed at tome 0/ ikou whiek have re> 
teived special attention during the present Tension : — Marriage of British Subjects 
Abroaaj Police Constables; Pawnbrokers; Intoxicating Liquors Licensing; 
Domestic Servants; Landlord and Tenant { Vendors and Purchasers; Parlia* 
mentary Elections ; Municipal Elections ; Local Elections ; Corrupt Practices at 
all Elections ; Public Health and Local Govsmment and Nuisances; Hi^waysi 
Churchwardens ; Vestry Meetings ; Rates. 

It is believ^ that the extensions and amplifications of the present editioot 
while intendecrlb meet the requirements of tne ordinary Englisbinan, will also 
have the effect of rendering the book oseful to the legal practitioner in ths 
country. 

One result of the reconstruction and revision, with the extensive additicns 
thereby necessiuted, has been the enlargement of the book by nearly a hundred and 
fifty pages, woile the price remains as before. 

%* Opinions op tbb Prbss. 

**It la A complete code of Enf:lish Law, written ia plain kaguaA trhidi ell can iiBdenbui& 

. . . Should be in the hands oTereiy buiinev man, and att wlw wish to aboUih lawyen* bli]i.'*<M 

9nttfy Tifms. 

" A useAil and concise epitome of the law, compiled with cooriderabie care. 

" A concise, cheap and complete epitome of the English law. So plainly written that' 
tuns Diay reed, and he who reads may understand.*'- ^i(far«. 

** A dictionary of legal facts well put together. The book is a rery osefnl oaeu"— iyAfdM^r. 

** A work which has long been wanted, which te thoroughly wett done, and wtuch we nuNt 
cordially recommend. "—5N»A>y Tiuus, 

Private Bill Legislation and JProvisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Oiders, tor the Authorization of Railwavs, TramwaySi Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassey, of the Middle Temple, Barrister-at-Law, and 
Member of the Institution of Civil Engineers; Author of ** Hints on Water 
Supply." Demy 8vo, 950 pp., price 35s. cloth. {Jnst published^ 

" The volume is a desideratum on a subject which can be only acqnJred by practical expert* 
cnce, and the order of procedure in Private Bill Legislation and Provisional Orders b followed. 
The author's suggestions and notes will be found of great valne to engineers and others profnaiksi 
ally engaged fai this class of ptAcUce." '- BuiUtiftf Af€ws. 

" The author's double experience as an engmeor and beirister has eminently qnallfied him ibe 
the task, and enabled him to approach the subject alike firom an engineerii^ and legal point of 
view. The volume win be found a great help both to engineers and bwyen engaged in prometias 

'ate Acts of Parliament and Provisional Orders."— Zms/ G^perMmtnt CJkrvmiaem 
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Witale's SslttBdiKntata Sedts. 

LONDON, 1862. 
THE PRIZE MEDAL 

Was awuded to Ihs Publiihen of 

"WULE'S SERIES." 
A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFlC,EDUCATIOHAL, 
AND CLASSICAL. 

Covtprismg nearly Three Hundrtd and Fifly diilinci mar/a in almitt irxrr 
dtpariwtati of Sc 



imci. Art,a«d HOuialtai, ncommtndcd t<, Iht naticeof Et 
Jl rcailtcit, i^Ktlt^cr s. Artisan!. and Studcnil gaitnlly. " - ^ 

■W WcrUtn', Z.'f^r.ir.7Y.'J»nn. and i;Ant!Sr% 



1. Calltgi^Sclu 



^ •■ WEALE'S SERIES includes Teit-Books on almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Architecture 
and Bailding, Civil Eagineering, Fine Arts. Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneoua 

brought up to the latest discoveries in scientitic research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured." — American Literary Gatcitt, 

'• Amongst the literature of technical education, Weale's Sekies has e*sr 
enjoyed a. high reputation, and the additions Iwing made by Messrs. Crosby 
LOCKWOOD * Son render the series even more complete, and bring the infor- 
mation upon the several subjects down to the present time."— itfiniiig 

" It is not too much to say that no books have ever proved mora popular 
with, or more useful to, young •ngineers and others than the eicellent 
treatises comprised in Weale's Series." — Engituer. 

" The excellence of WEALE'S Series is now so well appreciated, that it 
would be wasting our space to enlarge upon their general usefulness and 
value."— Sui/dif. 

" WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science." — Public OpinioK. 



PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Wu awarded to Ike Publisben for 

BoDki : Aodimmtkry, 6«iMitifla, 
"MALE'S SWIES," ETC. 



CROSBY LOCKWOOD & SON, 

7, stationers' hall court, LUDGATE hill, LONDON, tc 



WEALE*S RUDIMKNTARY SERIES. 



WEALB'S BUDIMEHTAAT 8CIEHTIFIC 8EBIE8. 




*«* The Tolumes of this Series are freeW Illustrated witii 
Woodcuts, or otherwise, where requisite. ThrouKfaoat the fol- 
lowing List it imist be understood that the books are bonnd in 
limp cloth, unless otherwise stated; but the volumes ^marked 
with a X may alto b€ had strongly bound in cloth hoards for 6d. 
extra. 

N.B. — In ordering from this List it is recommended, as a 
means of facilitating business and obviating error, to quote ike 
numbers affixea to the volumes, as well as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindkix, 

A.R.I.BJI., and G. R. Burnbll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated, ss. 
35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burooynb, Baxt., K.C.B. Illustrated, is. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES,^par- 

ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drysdalb Dbmpsby, C.E. Fourth Edition, ss. 

44. FOUNDATIONS AND CONCRETE WORKS, with Pracdcal 

Remarks) on Footings, Sand, Concrete, B^ton, Pile-driving, Caissoas, and 
Cofferdams, &c. By £. Dobson. Fifth Edition, is. 6d. 

60. LAND AND ENGINEERING SUR VEYING. By T. Baker, 

C.E. Fourteenth Edition, revised by Professor J. R. Young. 2S.t 
8o». EMBANKING LANDS FROM THE SEA. With examples 
and Particulars of actual Embankments, 8ic. By J. Wiggins, F.G.S. as. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samubl Huohbs, F.G.S., C.E. New Edition. 4*4 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By Davtd Stbvbnson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. ss. 6d.t 

197. ROADS AND STREETS {THE CONSTRUCTION OF). 
By Hbnry Law, C.E., revised and enlarged by D. K. Clark, CE., including 
pavements of Stone, Wood, Asphalte, &c. 4s. 6d.t 

103. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. By C. Slagg, A.M.I.C.E. Revised Edition, is.) 

SI2. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE' 
MBNTi and the Manufacture and Distribution of Coal Gas. Originally 
written by Samubl Hughes, C.E. Re-written and enlarged by Wxlliaii 
Richards, C.E. Seventh Edition, with important additions. 5s. 6A.X 

tl3. PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 

116. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised. i%,t 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 
Including Hydrauuc Enginkbrino by Gbo. R. Burnbll, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. Kinnbar Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 

The % indicates thai these vols* may be had strongly boundaitd extra. 
LONDON: CROSBY LOCKWOOD AND SON, 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Iklachinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, xs. 6d. 

34. THE STEAM ENGINE, By Dr. Lardner. Illustrated. is.6d. 

59. STEAM BOILERS : their Construction and Management. By 
R. Armstrong, C.E. Illustrated, xs. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Mills, 
and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. 2s.t 

q8. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. as. 6d.* 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. By T. Baker, C.£. xs. 6a. 

164. MODERN WORKSHOP PRACTICE, as applied to Steam 

.Engines, Bridges, Ship-building, Cranes, «cc. By J. G. "Winton. Fourth 
Edition, much enlarged and carefully revised. 3s. 6A,X [Jttst Published, 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 2S. 6d.l 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, as.) 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. ByJ.MAXTON. 6th Edn. With 7 Plates and 350 Cuts. 3s. 6d.} 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an Extension of the Elementary Treatise on the Steam 

Engine of Mr John Sewell. By D. K. Clark, M.I.C.E. 3s. 6d.* 
200. FUEL, its Combustion and Economy. By C. W. Williams. 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 

Wood, Peat, Petroleum, &c.— by D. K. Clark, M.I.C.E. 3s. 6d.* 
202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 

large additions by D. Kinnbar Clark, M.I.C.E. ^s.% 
211. THE BOILERMAKER* S ASSISTANT in Drawing, Teni- 

plating, and Calculating^Boiler and Tank Work. By John Courtney. 

Practical Boiler Maker. Edited by D. K. Clark, C.E. xoo Illustrations. 25, 
217. SEWING MACHINERY : Its Constraction, History, &c., with 

full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. as. J 
223. MECHANICAL ENGINEERING. Comprising Metallurgy. 

Moulding, Casting, For^ng, Tools, Workshup Machinery, Manufacture oi 

the Steam Engine, &c. By Francis Campin, C.E. Second Edition. 2s. 6d.t 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campin, C.E. 3$.* 

237. THE SMITHY AND FORGE; including the Farrier*s Art and 

Coach Smithing. By W. J. E. Crane. Illustrated. 2S. 6d.t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT : with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. 2S. 6d.^ 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by D. K. Clark, C.E. 4s., limp; 5s., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING, A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael Reynolds, M.S.E 
Eighth Edition. 3s. 6d., limp ; 4s. 6d. cloth boards. 

256. STATIONARY ENGINE-DRIVING. A Practical Manual 

£n|;ineers in charge of Stationary Engines. By Michael Reynolds, M.S.E . 
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and Erection. By Hamilton W. Pendrbd, C.£. as. 

The t indicates that these vols, may be had strongly bound at 6d. extm, 
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MINING, METALLURGY, ETC. 

4. MINERALOGY^ Rudiments of; a concise View of the General 
Properties of Mtoeralt. By A. Ramsay, F.G.S.. F.R.G.S., ftc. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Baksk, C.£. Illustrated, ss. 6d. X 

133. METALLURGY OF COPPER. By R. H. Lamborn. 2s. 6d4 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
ANDBR Watt. Ninth Edition, enlarged and revised, with additional Ulas- 
trations, and including the most recent Processes. 3s. 6d.t 

17s. MINING TOOLS, Manual of. For the Use of Mine Managen, 
Agents, Students, flee. By William Mokoans. as. 6d. 

17a*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 935 Illustrations, drawn to Scale. 4to. 4s. 6d, 

176. METALLURGY OF IRON ConUining History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Mann- 
£sctufe of Iron and Steel, &c. By H. Baubuman, F.G.S. Sixth Edition, 
revised and enlarged, ss.t iS^t**^ ^blished. 

180. COAL AND COAL MINING. By Warington W. Smyth, 

M.A., F.R.S. Sixth Edition, revised 3s.6d.t 

IOC. THE MINERAL SURVEYOR AND VALUER* S COM^ 
PLETE GUIDE. By W. Lintbrm. Mining Engineer. Third Edition, with 
an Appendix on Magnetic and Angular Surveying. With Four Plates. 
3S. 6d.t [Just Published, 

SI4. SLATE AND SLATE ^iT^^^K/A^dr, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S. , Mining Engineer, &c. 3S.t 

S64. A FIRST BOOK OF MINING AND QUARRYING, with the 
Sciences connected therewith, for Primary Schools and Self Instruction. By 
J. H. COLUNS, F.G.S. Second Edition, with additions, xs. 6d. 

ARCHITECTURE, BUILDING, ETC. * 

16. ARCHITECTURE— ORDERS—Tti^ Orders and their ^Esthetic 

Principles. By W. H. Lbbds. Illustrated, xs. 6d. 

17. ARCHITECTURE— STYLES— TYiA History and Description of 

the Styles of Architecture of Various Countries, fiit>m the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A^ &c. Illustrated, as. 
*«* Orders and Stylbs of Architbcturb, in On* Vol., ys. td. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducihle from Nature and exemplified in the Works of the 

Greek and Gothic Architects. BvE.L.Garbbtt, Architect. Illustrated. 2S.6d. 

••• The thrts prtcedinr Works, in One handsome Vol., half bound, entitled 

"MoDBRN Architbcturb," /rrctf 6f. 

22. THE ART OF BUILDING, Rudiments ol. General Principles 
of Construction, Materials used in Building^ Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, ss.t 

tS. MASONRY AND STONE CUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.K.I.B.A., 8tc. ss. 6d.t 

42. COTTAGE BUILDING. By C. Bruck Allen, Architect. 
Tenth Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, hy Edward E. Allen, C.E. ss. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, Sec. By G. R. Burnrll, C.E. Thirteenth Edition, zs. 6d. 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings. Mines, 
Liflrhthon«<»s. Ships. 8tc. By C. Tomlinson, F.R.S., fcc. Tllustrdtea. 38. 



The t indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 

III. ARCHES, PIERS, BUTTRESSES, &*c,: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, is. 6d. 

Ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the Architect aad 
Builder. By T. Roger Smith, M.K.I.B.A., Architect. Illustrated, xs. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 58. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
*•* Tk4 imo preceding Works in One handsome VoL^ half bounds entitled "Ascatrr 

^^RCHiXBCTURB " ^rice6s 
132. THE ERECTION OF DWELLING-HOUSES. Illustrated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, witn the Specification, Quantities, and Estimates) Sec. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES &* MEASUREMENTS m Bricklayers', Masons', 
Plasterers*, Plumbers*, Painters', Paperhangers*, Grilders', Smiths', Carpenters' 
and Joiners' Work. By A. C. Beaton, Surveyor. New Edition, xs. 6d. 

175. LOCKWOOD 6* SON'S BUILDER'S <&• CONTRACTOR'S 
PRICE BOOK, containing the latest Prices of all kinds of Builders' Materials 
and Labour, and of all Trades connected with Building, 8tc., Sdc. Edited 
by F..T> W. Miller, Architect. Published annually. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND yOINERY—Hn^ Elementary Prix- 

ciPLBS OF Carpentry. Chiefly composed from the Standard Work ol 
Thomas Trbdgold, C.E. With a TREATISE ON JOINERY by B. 
Wyndham Tarn, M.A. Fourth Edition, Revised. 3s. 6d.t 
i82». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. &c. ; Unequal -sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Morton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. Wiqhtwkx. 

New Edition. By G. H. Guillaume. Illustrated. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers. Sec, and a Collection of Useful Receipts. By Ellis A. Davidson. 
Fifth Edition. With Coloured Plates. 5s. clotr limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections: General Principles; Arch Drawine, Cutting, and Setting; 
Pointing; Paving, Tiling, Materials; Slating and Plastenne; Practical 
Greometry, Mensuration,' 8cc. By Adam Hammond. Seventh Edition, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Crafl ot 

the Plumber. With Chapters upon House Drainage and Ventilation. Fifth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER'S STANDARD GUIDE. By R. E. Grandy. 2s. 
206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Great Pyramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. 4s. 6d.t 

226. THE yOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
WyvillJ. Christy, Architect. With upwards of 160 Engravings on Wood. 3s.t 
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Architecture, Building, etc., continued, 

128. THE CONSTRUCTION OF ROOFS OF WOOD ANDIRON, 
By £. Wyndham Tarn, M.A., Architect. Second Edition, revised, zs. 6d. 

J29. ELEMENTARY DECORATION : as applied to the Interior 
and Exterior Decoration of Dwelling-Housei, 8cc. By J. W. Facby. 2s. 

257. PRACTICAL HOUSE DECORATION A Guide to the Art 

of Ornamental Paintinff. By James W. Facby. 2s. 6d. 
•»• Tkt two preceding Works ^ in One handsome Vol.^ half-bound^ entitled ** VLovsv. 
Dbcoration, Elbmbntary and Practical," price $s. 

230. HANDRAILING, Showing New and Simple Methods for finding 
the Pitch of the Plank. Drawing the Moulds, Bevelling, Jointing-up, and 
Squaring the Wreath. By Gborgb Collings. Plates and Diagrams, is. 6d. 

247. BUILDING ESTATES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land. By 
Fowl BR Maitland, Surveyor. Second Edition, revised. 2s. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated. 2s. 
252. BRICKWORK : a Practical Treatise, embodying the General 
and Higher Principles of Bricklaying, Cutting and Setting, &c. By F. 
Walkbr. Second Edition, Revised and Enlarged, is. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising : 
189. Brick and Tilb Making, by £. Dobson, A.I.C.E.; Practical Bricklay- 
BS^. iNo, by A. Hammond : Brickwork, by F. Walker. 550 pp. with 270 Illus- 
trations. 6s. Strongly half-bound. 

tSl.THE TIMBER MERCHANT'S, SAW-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &c. By 
M. PowTS Balb, A.M.Inst.C.E. 3s.} 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By Gborgb Collings, Author of " A Treatise on Handrailing." 2s. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black. With 122 Illas- 
trations. 2s. 6d.t 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By Gborgb H. Biagrovb. xs. 6d. {Just published. 

265. THE ART OF PRACTICAL BRICK CUTTING &* SETTING. 
By Adam Hammond. With 90 Eng^ravings. xs. 6d. [Just published. 

267. THE SCIENCE OF BUILDING : An Elementary Treatise on 
the Principles of Construction. Adapted to the Requirements of Architec- 
tural Students. By E. Wyndham TarNj M.A. Lond. Third Edition, Revised 
and Enlarged. With 59 Wood Engravings. 3s. 66..X [Just published. 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construc- 
tion. By J. Pbakb. Fifth Edition, with Plates and Diagrams. 3s. 6d.t 

53». SHIPS FOR OCEAN 6- RIVER SER VICE, Elementary and 

Practical Principles of the Construction of. By H. A. Sommbrfbldt. xs. 6d. 

S3**. AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
8cc., relative to every class of vessels. By Robbrt Kipping, N.A. 2s. 

54*. IRON SHIP-BUILDING. With Practical Examples and Detail*. 
By John Grantham, C.E. 5th Edition. 4s. 

The % indicates that these vols, may be had strongly bound at 6d. extra, 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

' 55. THE SAILOR'S SEA BOOK: a Rudimtntary Treatise on 
Navigation. By Jambs Grebnwood, B.A. With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. By W. H. Rossbr. 2S. 6d.t 

80. MARINE ENGINES AND STEAM VESSELS, By Robert 

Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Georgb Carlisle, C.E., Senior Surveyor to the Board of 
Trade, Liverpool. 4s. 6d. limp ; 5s. cloth boards. 

Zlbis. THE FORMS OF SHIPS AND BOATS, By W. Bland. 

Seventh Edition, Revised, with numerous Illustrations and Models, xs. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. By Prof. J. R. Young. New Edition, as. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 
149. SAILS AND SAIL-MAHriNG. With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, &c. i2th Edition. By R. Kipping, N.A., 2S. 6d.t 
155. ENGINEER'S GUIDE TO THE ROYAL dr- MERCANTILE 
NAVIES. By a Practical Engineer. Revised by D. F. M'Carthy. 3s. 
55 PRACTICAL NAVIGATION Consisting of The Sailor's 
^ Sea-Book. By Jambs Greenwood and W. H. Rossbr. Together with 
,-. . the requisite Mathematical and Nautical Tables for the Working of the 
*"^* Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 



AGRICULTURE, GARDENING, ETC. 

61*. -4 COMPLETE READY RECKONER FOR THE ADMEA- 
SUREMENT of LAND, 8cc. By A. Arman. Third Edition, revised 
atnd extended by C. Norris, Surveyor, Valuer, &c. 2S. 

131. MILLER'S, CORN MERCHANT'S, AND FARMER'S 
READY RECKONER. Second Edition, with a Price List of Modem 
Flour- Mill Machinery, by W. S. Hutton, C.E. 2S. 

140. SOILS, MANURES, AND CROPS, (VoL i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 31. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (VoL 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines of Modern Farming.) 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
•i,* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled " Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 38. 6d.t 

198. SHEEP; THE HISTOR Y, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fifth Edition, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. By George M. F. 
Glenny. Illustrated, xs. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

zation of Farm Labour. By R. Scott Burn. 2s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT, 

By R. Scoi-T Burn. 2s. 6d.t 

*c* Nos. 207 &» 208 in One Vol., handsomely half- bound, entitled "Outlines of 
Landed Estates and Farm Managembnt." By R. Scott Burn. Price 6s, 

The X indicates that these vols, may be had strongly bound at td. extra. 



7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 



8 wealk's rudimentary series. 

Agriculture, Gardening, etc., continued. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fmit Trees, 
Flowering Shnibs, Flowering Plants, &c. By Samubl Wood, as.t 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samubl Wood. 2s.t 
*•* Nn. 909 ^ axo in One Vol., handsomely half-bound^ entitled "Thb Trbb 
Plantbr, Propagator, and Pruner." By Samubl Wood. Price 5«. 

2i8. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Fanners, Hay and Straw Dealers, &c. 
By John Stbblb. Fourth Edition. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultxy, 
and Pigs. By Pro£ John Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Baltbt. With Illustrations, as. 6d.t 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 
*J4. MARKET AND KITCHEN GARDENING. By C. W. Shaw, 

* late Editor of '* Gardening Illustrated." 3s. t [Just published. 

239. DRAINING AND EMBANKING. A PracHcal Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations. xs« 6d. 

240. IRRIGATION AND WATER SUPPLY. A Treatise on Water 

Meadows, Sewage Irrigation, and Warping ; the Construction of Wells, 
Ponds, and Reservoirs, &c. By Prof. John Scott. With 34 lllus. xs. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, xs. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates. By Prof. John Scott. With 105 IIlus. as. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agriculture ; and 
on various Machines used in the Threshing-bam, in the Stock-yard, and in the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction^heir Points of Excellence, and Management. By Professor John 
Scott. With X38 Illustrations. 2s. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out : and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, fcc. 
By Prof. John Scott. With 62 Illustrations, xs. 6d. 

•»• Nos. 239 to 245 in One Vol., handsomely half-bound, entitled ** Thb Complbtb 
Tbxt-Book of Farm Enginbbring." By Professor John Scott. Price 12s. 

t$o. MEAT PRODUCTION. A Manual for Producers, Distributors, 
&c. By John Ewart. 2s. 6d.t 

266. BOOK-KEEPING FOR FARMERS ^^ ESTATE OWNERS. 
By T. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp ; 3s. 6d. 
cloth boards. [J^ust published. 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testing, and Use concisely Explained. By T. F. 
Hbathbr, M.A. Fourteenth Edition, revised, with a^itions, by A. T. 
Walmisley, M.I.C.E., Fellow of the Surveyors' Institution. Original Edi- 
tion, in X vol., Illustrated. 2s4 [Just published. 
\* In ordering- the above^ becarefuHo say^ " Original Edition '* {No. 32), to distin- 
guish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on ; 
with a Theory of Shadows and of Perspective, extracted from the French vA 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Hbathbr, M.A. Witn 14 Plates. 28. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 2x5 Woodcuts. 2s. 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English. French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, xs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Eleventh Edition, is. 6d. 

84*. A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for Uie Use of 
Teachers and Unassisted Learners. By J. R. Young, xs. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly £su:ilitated. By W. Hipslby. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, xs. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d4 

•»* Sold also separately, viz. : — 

88. EucuD, The First Three Books. By Henry Law, C.E. xs. 6d. 

89. EucuD, Books 4, 5, 6, xx, X2. By Henry Law, C.E. xs. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jambs Hann. A New Edition, by Professor J. R. Young. 2s.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, xs. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowlino, C.E. xs. 
%• Or with " The Elements 0/ Plane Trigonometry" in One Volume, 2*. 6d. 

93. MENSURATION AND MEASURING, With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Baker, C.E. New Edition by E. Nugbnt, C.E. Illustrated, xs. 6d. 

lOi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOusE, F.R.A.S., &c. xs. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 
HoMERSHAM Cox, B.A. Illustrated, xs. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M. A. Revised by A. Arman. xs. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. xs. 6d. 

The t indicates that these vols, may be had strongly bound at (td. extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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Mathematics, Arithmetic, etc., continued. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing— I. Instmments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations, ny J. F. Hbathbr, M.A. Illustrated, zs. 6d 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus Tor producing copies of Maps and Plana 
by Photography. By J. F. Hbathbr, M.A. Illustrated, xs. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instmments Used for Determining thcLGeometrical Featuret 
of a portion of Ground. II. Instruments Employra in Astronomical Observa- 
tions. Rj J. F. Hbathbr, M.A, Illustrated, xs. 6d. 
*«* TMg above three volunus form an enlargement of ike Author' t original work 
** Matkematical Instruments,** (See No. 32 in tke Series.) 

iGi.\MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

X69. r M J^. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 

170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HO IV TO USE IT; containing 

full, easy, and simple Instructions to perform all Busines^CalcuIations with 

unexampled rapidity and accuracy. By Charlbs Hoarb, C.E. Fifth 

Edition. With a Slide Rule in tuck of cover. 2%. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. 4S4 

199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations reauired in 
Commercial and Business Transactions ; tog^ether with Useful Tables. By 
D. O'GoRMAN. Twenty-seventh Edition, carefully revised by C. Norris. 
2s 6d., cloth limp ; 3s. 6d., strongly half-bound in leather. 

204. MATHEMATICAL Z4^Z^^', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomv. By Prof. J. R. Young. New Eldition. 4s. 
204*. LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical^ and Nautical Calculations. ByHBNRYLAw,M.Inst.C.£. New 
and Revised Edition. ( Forming part of the above Work). 3s. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sutth Edition. 2s.» 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. Bv Francis Campin. C.E. Second Edition. 3s.} 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor Gkorgk Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, zs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMLiNSON. Woodcuts, xs. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

LiNSON. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., 8cc. With Additions by R. Sabinb, C.E., F.S.A. is. 6d. 

7». GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabinb, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Editirn, 

r evised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d4 

7 he X indicates that these vols, may be heut stromly bound at td. extra. 

LONDON : CROSBY LOCKWOOD AND SON, 
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Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 38. 

12. PNEUMATICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated, is. 6d. IJttst published. 

72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodwaud, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a ciwar development of Hydrostatics, Hydrodsmamics, and 
Central Forces. By T. Baker, C.E. Fourth Edition, is. 6d. 

138. TELEGRAPH, Handbook of the ; a Guide to Candidates for 
Employment in the Telegraph Service. By R. Bond. 3s.t 

173. PHYSICAL GEOLOGY, partiy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S., &c. Woodcuts. 2S. 

174. HISTORICAL GEOLOGY, partiy based on Major-General 

Portlock's "Rudiments." By Ralph Tate, A.L.S., 8cc. Woodcuts. 2S.6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's " Rudiments of 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lajldner, D.C.L.^ 
& formerly Professor of Natural Philosophy and Astronomy in University 
M%A College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
^* *#* Sold also in Two Paris ^ as follows : — 

183. Animal Physics. By Dr. Lardner. Part 1., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 3a. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By George Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gesskrt and Fmanubl Otto From- 
BERG. With an Appendix on The Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. i8.6d. 

69.71. MUSIC 6* THE PIANOFORTE, In one vol. Half bound, Ss. 

i8i. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tenmera, Encaustic, Miniature. 
Painting on Ivory, Vellum. Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress 01 the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Fifth Edition, revised and enlarged. $%.% 

i£6. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlara«d and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. ^%.t 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on Uie Copyists 
and Imitators of each Master. By Philippe Daryl. 2s. 6d.t 

The X indicates that these vols, may de had strongly bound at 6d, extra. 
7, stationers' hall COURT, LUDGATE HILL, E.G. 
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INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, RudimenUry Treatise on the Mannfac- 

tvre of. By B. Dobsok. M.R.I.BJI. lUntteated, 314 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentaiy TKatL«ie 

OB. By Sir Edmund Bbckbtt, LL.D., Q.C. Seventh Edition, revised and en- 



larged. 4s. 6d. limp ; <•. 6d. cloth boards. 

83««. CONSr 



CONSTRUCTldN OF DOOR LOCKS, CompUed from the 

Papers of A. C. Hobbs, and Edited by Charles Tomukson. F.R.S. ss. 6d. 
162. TKE BRASS FOUNDER'S MANUAL; InstructioM for 

Modelling, Pattern -Making, Moulding, Turning, Filing, Burnishing, 

Bronsing, ftc With copious Receipts, 81c. By Waltbr Graham. ss4 
205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badbnoch. Illustrated with is full-page Engravings of Examples, zs. 6d- 
215. THE COLDSMITirS HANDBOOK, containing fufi Instnic- 

tions for the Alloying and Working of Gold. By Gborob E. Gbb, ts.t 
225. THE SILVERSMITITS HANDBOOK, containing fnU In- 

stmctions for the Alloying and Working of Silver. By Gborgb E. Gbb. \%.X 
\* Tk4 two preceding Works, in One handsome Vol,, half -bound, entitled ** Thb 

Goldsmith's & Silversmith's Complbtb Handbook," ?«. 
249. THE HALLMARKING OF JEWELLERY PRACTICALLY 

CONSIDERED. By Gborgb E. Gbb. 3s.t 
224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By T. W. Burobss. ss. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated, ss. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING, including 

Measurement, 'Last-fitting, Cutting-out, Closing and Making. By John 
Bedford Lbno. Numerous Illustrations. Third Edition, as. 

263. MECHANICAL DENTISTRY : A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formulae, 
Tables, Receipts, 8cc. By Charles Huntbr. Third Edition. i%.X 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, (oh:. By John Wbalb. Fifth Edition. Revised 
by Robbrt Hunt, F.R.S. Illustratea. ss. limp ; 68. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES, By David Gibbons. Third Edition, enlarged. y».X 

112. MANUAL OF DOMESTIC MEDICINE. By R. GooDlNO» 
B.A., M.D. A Family Guide in all Cases of Accident*and Emergency. 2s.t 

€12*. MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. £mm£NS. is. 6d. 

153. SELECTIONS FROM LOCKERS ESSAYS ON THB 

HUMAN UNDERSTANDING. WiUi Notes by S. H. Emmbns. ss. 

154. GENERAL HINTS TO EMIGRANTS, is. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition. Map. ss. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollys, F.R.G.S. With x63Woodcuts. 3s.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Managoment, Sec. By An Old Housbkebper. 3s. 6d.t 

i94f HOUSE BOOK {The). Comprising :— I. The House Manager. 

112 & By an Old Housbkebper. II. Domestic Medicine. By R. Goodino, M.D. 

f 12*. Ill' Managbmbnt of Health. By J. Baird. In One Vol., half-bound, 6s. 

The % indicates that these vni3. may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND SON. 
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EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 



I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th £di tion, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 38. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 



ENGLISH. LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fourth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.CL. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for' 

those who have neglected the Study of Grammar. By Justin Brbnan. 
i8th Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R J^.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s. 6d. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54- Analytical Chemistry, Qualitative and Quantitative, a Course 
of. To which is prefixed, a BriefTreatise upon Modem Chemical Nomencla- 
ture and NoUtion. By vVm. W. Pink and Gborgb E. Wbbstbr. as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely ; 

formerly H.M. Inspector of Schools. 
Introductory Primbr, 3^/. 

s. d. 

First Standard . .06 



Sbcond „ ..0x0 

Third „ ..10 



Fourth Standard . . . z s 

Fifth „ . . .16 

Sixth „ . . . . x 6 
Lbssons from thb Biblb. Part I. Old Testament, xs. 

Lbssons from thb Biblb. Part 11. New Testament^ to which is added 
Thb Geography of thb Biblb, for very youne Children. By Rev. C. 
Thornton Forstbr. is. ad. %• Or the Two Parts in One Volume. %%, 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Noiut. By G. L. Strauss, Ph.D. zt. 6d. 
35. French- English Dictionary. Comprising a large nmnber of 

New Terms used in Engineering, Mining, ftc. By Alfrbd Elwbs. zs. 6d. 

26. English-French Dictionary. BvAlfued Elwes. ss. 
95,26. French Dictionary (as above). Complete, in One VoL, 3s. ; 

cloth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

G£RMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. Gerntian Reader : A Series of Extracts, carefully culled frt>m the 

most approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German -French- English. Part II. English-Ger- 
man-French. Part III. French-German-English. 3s., or cloth boards, 4s. 

Ai-43 German Triglot Dictionary (as above), together with German 

ic 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfrrd Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwbs. 
Vol. I. Italian-English-French. 2s.6d. 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

English-French-Italian. ss. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian-EngUsh. ss. 6d. 

«8,30, Italian Triglol Dictionary (as above). In One Vol., 7s. 6d 

3a. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

35. Spanish-English and English- Spanish Dictionary. 

Including a large number of Technical Terms used in Mininr, Engineering, &c. 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs 
4s. ; cloth boards, 5s. \* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, &c., with the proper Accents and the Gender of every Noun. 
Bjr Alfrbd Elwbs. Second Edition, Revised, 5s. ; cloth boards, 6s. •«• Or 
with the Grammar, cloth boards, 7s. 



HEBREW. 
46». Hebrew Grammar. By Dr. B&esslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical ; 

conUining the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslau. 68. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
H.46. Hebre^BW Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, 12s. _^__^___«_____>__«.^_^— 

LONDON : CROSBY LOCKWOOD AND SON, 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M J^., Head Master of the Greenwich Proprietary School, xs. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Youno. xs. 6d . 

2. Csesaris Commentarii de Bello Gsdlico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilll Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilll Maronis ^neis. With Notes, Critical and Explanatory, 

b^ H. Young. New Edition, revised and improved With coptons Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., formerly Scholar of Brasenoso 
College, Oxford. 3s. 

S* — ^ Part I. Books i.— vi., xs. 6d. 

5«» Part 2. Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, xs. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notesby W. Brown- 

rigo Smith, M.A., F.R.G.S. xs. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. xs. 6d. 

9. Terentii Aadria et Heautontimonimenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. xs. 6d. 

10. Terentii Adelphi, Hecyra, Fhormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. as. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

xs. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analjrsis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. xs. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith 
M.A., F.R.G.S. 2s. 

i6. Livy s History of Rome. Notes bv H. YouNO and W. B. Smith, 

M.A. Part x. Books i., ii., xs. 6d. 
x6*. — — — Part 3. Books iii., iv», v., xs. 6d. 
17. Part 3. Books xxi., xxii., xs. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M Jl., Trinity Colleg«, Cambridge. 2s. 

20. Latin Prose Selections, from Yanro, Columella, Vitruvius, 

Seneca, Quintilian, Floras, Velleios Patercalus, Valerius MazimiM Sneto- 
Bins, ApiUeitts, flee. Notes by W. B. Donnb, MJA, 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

Escort, B.A., Lecturer on Logic at King's College, London, ts. 
7, STATIONERS' HALL COURT, LX7DGATI HILL, I.C 



